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Aw.  L — Chntrtbutio7is  to  Meteorology:  bevtg  results  derived  from 
an  examination  of  the  observations  of  tlie  United  States  Signal 
Service,  and  from  other  sources ;  by  Elias  LooMis,  Professor 
of  Natui'al  rhilosophy  in  Yale  College.  Fourteenth  paper, 
with  Plates  T,  II,  III. 

[Raid  before  the  National  Academy  of  Sdenoes,  New  York,  Nov.  18,  1880.] 

The  object  of  this  paper  is  to  investigate  the  course  and 
velocity  ot  storm  centers  in  Tropical  regions  and  also  in  the 
middle  latitudes,  and  hence  to  deduce  the  causes  which  control 
their  movements. 

Course  and  velocity  of  storm  centers  vi  TVopical  regions. 

In  my  fifth  paper  (this  Journal,  vol.  xii,  p.  15,)  I  gave  a 
teble  showing   the   course   of  those   hurricanes    which   have 
originated  near  the  West  India  Islands.     That  table  was  pre- 
pared in  pursuance  of  a  plan  to  determine  the  course  of  storms 
under  the  greatest  variety  of  circumstances ;  and  since  the  table 
exhibited  but  a  small  part  of  the  information  which  I  desired 
to  obtain,  I  did  not  attempt  to  develop  the  conclusions  which  it 
naturally  suggested.     Soon  after  the  publication  of  that  paper, 
I  prepared  another  table  showing  the  course  of  hurricanes  in 
the  Imiia  and  China  Seas;  but  as  this  did  not  furnish  all  the 
information    that  I  desired,  I  have  hitherto  withheld  it  from 
publication  in  expectation  of  more  complete  information.     The 
system  of  International  Meteorological  observations  has  in  part 
supplied  the  desired  information,  so  that  I  propose  now  to 
consider  the  results  already  attained. 

Am.  JouB.  Scl—Thibd  Ssbiss,  Vol.  XXI,  No.  121.— Jan.,  1881. 


E:,  i/oamifr-Ohserp^tions  of  the  J7.  S.  Signal  Serbice, 


I  have  compared  all  the  storm  tracks  delineated  on  the  ma| 
of  the  Monthly  Weather  Review,  and  also  those  delineated  ( 
the  International  charts.  I  first  examined  the  storms  vvhic 
have  prevailed  in  the  neighborhood  of  the  American  continer 
confining  myself  to  those  cases  in  which  the  storm  center  (du 
ing  at  least  a  part  of  its  course)  was  south  of  the  parallel  of  3( 
latitude.  I  have  divided  these  storms  into  three  classes ; 
those  whose  course  was  for  some  days  towards  the  west :  I 
those  whose  course  was  towards  some  point  between  the  soui 
and  east;  III,  those  whose  course  was  towards  some  poii 
between  the  north  and  east. 

The  following  table  shows  the  leading  particulars  respectii 
the  first  of  these  classes.  Column  1st  shows  the  number 
reference ;  column  2d  shows  the  dates  of  beginning  and  er 
of  the  observed  movement  as  long  as  the  course  continue 
westerly;  column  8d  shows  the  latitude  at  the  beginning  ar 
end  of  this  portion  of  the  path  ;  column  4th  shows  the  longitu( 
at  the  beginning  and  end  of  this  portion  of  the  path  ;  coluir 
5th  shows  the  prevalent  direction  of  the  path  while  raovii 
westerly ;  column  6th  shows  the  average  velocity  of  prop:ress 
the  storm  center  (in  miles  per  hour)  while  the  course  continue 
westerly  ;  column  7th  gives  a  brief  indication  of  the  subseque 
course  of  each  storm.  On  plate  I  these  tracks  are  delineate 
and  are  designated  by  the  same  numbers  as  in  the  tabla 

American  storms  advancing  Westerly. 


No. 

Date. 

Latltade. 
beg.   end. 

Longltnde. 
beff.    end. 

Conne. 

Vel., 
miles. 

Subsequent 
couree. 

1 

1873. 

June 

1.1 

-  2.3 

24-32 

e             o 

80-  86 

N.N.W. 

12-5 

Became  ex  tine 

2 

Oct. 

2 

-  4.2 

22-24 

82-  86 

N.W. 

9-5 

Moved  N.P:. 

3 

1874. 

Feb. 

7 

-  8.1 

24-27 

82-  83 

N.N.W. 

15-4 

Moved  N.E. 

4 

July 

2.3 

-  4.2 

27-29 

87-  98 

W.N.W. 

131 

Became  extinc 

5 

Sept. 

4.3 

-  6.3 

25-32 

65-  70 

N.N.AV. 

22-5 

Moved  N.E. 

6 

1875. 

Sept. 

8.3 

-17.1 

14-29 

69-  96 

W.N.W. 

13-2 

Moved  N.K. 

7 

1876. 

Sept. 

15 

-18.1 

21  43 

69-  80 

N.N.W. 

25-9 

Moved  K. 

8 

1877. 

Sept 

22.2 

-30.3 

12-26 

65-  88 

W.N.W. 

11-1 

Moved  N.E. 

9 

1878. 

Aug. 

12 

-18 

14-21 

75-  97 

W.N.W. 

14-4 

Unknown. 

10 

Sept 

1 

-  8 

11-28 

69-  81 

W.N.W. 

9-3 

Moved  N. 

11 

Sept 

12 

-18 

14-29 

47-  60 

N.W. 

9-6 

Moved  N.E. 

12 

Sept. 

24 

-30 

14-28 

70^  73 

N.N.W. 

5-3 

Moved  N.E. 

13 

Sept. 

29 

-34 

22-30 

58-  70 

N.W. 

9-1 

Moved  N.E. 

14 

Oct. 

9 

-13 

15-26 

40-  52 

N.W. 

7-2 

Moved  N.E. 

15 

Oct. 

13 

-18 

17-30 

36-  55 

N.W. 

13-2 

Moved  N. 

16 

Nov. 

25 

-30 

15-17 

52-  73 

West 

11-7 

Unknown. 

17 

1879. 

Aug. 

13 

-17 

18-30 

60-  77 

N.W. 

8-2 

Moved  N.E. 

18 

Aug. 

15 

-16 

14-14 

43-  51 

West 

? 

Unknown. 

19 

Aug. 

20 

-23 

16-29 

87-  94 

N.W. 

8-2 

Moved  E. 

20 

Oct. 

3 

-  7 

15-31 

78-  90 

N.W. 

8-1 

Became  extinc 

21 

Oct. 

10 

-17 

14-43 

70-  90 

N.W. 

11-1 

Moved  E. 

22 

1880. 

Aug. 

6 

-14.2 

12-32 

77-103 

W.N.W. 

12-9 

Disappeared. 

23 

Aug. 

15 

-19 

13-20 

62-  78 

W.N.W. 

120 

Moved  N.E. 

24 

Aug. 

24 

-31 

26-33 

60-  89 

W.N.W. 

100 

Disappeared. 
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The  general  results  of  this  table  correspond  verj  close) j  with 
those  deduced  from  the  table  in  my  5th  paper.     The  lowest 
latitude  of  any  storm  center  shown  in  this  table  is  10°'6  N. 
The  lowest  latitude  shown  in  my  5th  paper  was  10®'3  N.     The 
average  velocity  of  these  storms  while  moving  westerly  was 
11"9  English  statute  miles  per  hour ;  the  average  velocity  of 
the  storms  mentioned  in  my  5th  paper  while  moving  westerly 
was  174  miles  per  hour.     In  nine  of  these  cases  the  course  of 
the  storm  became  due  north  before  reaching  the  parallel  of  30^ 
Storm  No.  18  apparently  moved  directly  west ;  and  storms 
Nos.  9  and  16  apparently  moved  for  a  day  or  two  a  little  south 
of  west.     The  lable  in  my  5th  paper  shows  31  cases  in  which 
the  course  of  storms  was  towards  the  north  of  west,  and  only 
two  cases  in  which  the  course  was  south  of  west,  viz :  one  case 
in  which  the  course  was  two  degrees  south  of  west,  and  the  other 
eleven  degrees  south  of  west.    From  the  two  tables  we  perceive 
that  the  cases  in  which  tropical  storms  move  in  a  direction  north 
of  west  are  fifteen  times  as  frequent  as  the  cases  in  which  they 
move  in  a  direction  south  of  west,  and  in  none  of  the  cases  here 
reported  was  the  southerly  motion  very  decided.     Since  in  the 
middle  latitudes  the  average  progress  of  storm  centers  corre- 
sponds pretty  nearly  with  the  average  direction  of  the  wind,  it 
might  have  been  inferred  that  within  the  region  of  the  northeast 
trade  winds  the  average  progress  of  storms  should  be  towards 
the  southwest. 

In  order  to  determine  whether,  during  the  period  here  con- 
sidered, there  may  not  possibly  have  been  other  storms  which 
moved  in  a  direction  south  of  west,  I  have  made  a  careful  com- 
parison of  the  International  Observations.  Five-sixths  of  all 
the  storms  enumerated  in  the  table  on  page  2,  occurred  in  the 
months  of  August,  September  and  October.  I  therefore 
selected  these  three  months  for  special  comparison.  For  the 
years  1876,  7,  8  and  9  the  barometric  curves  were  drawn  for 
these  months  for  all  the  stations  reported  in  the  International 
Bulletin  between  the  equator  and  lat.  26°  N. 

An  examination  of  these  curves  shows  that  at  all  of  these  sta- 
tions the  fluctuations  of  the  barometer  are  very  small,  particu- 
larly for  the  stations  nearest  to  the  equator.  At  Paramaribo, 
lat.  5°  45'  N.  the  entire  range  of  the  barometer  for  these  twelve 
months  was  only  0*20  inch,  and  there  was  no  oscillation  which 
can  be  identified  with  an  oscillation  at  either  of  the  other  sta- 
tions. At  Bridgetown,  lat  13°  4'  N.,  the  entire  range  of  the  ba- 
rometerfor  these  twelve  months  was  0'23  inch.  Two  or  three  of 
the  barometric  oscillations  at  this  station  can  probably  be  iden- 
tified with  oscillations  at  some  of  the  other  stations.  The  track 
of  storm  No.  9  can  apparently  be  traced  back  to  Bridgetown 
on  the  10th  of  Aug.,  1878.     At  Fort  de  France,  lat.  14°  40'  N., 
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the  entire  range  of  the  baromfeter  for  these  twelve  months  was 
0*42  inch,  and  six  or  seven  of  the  barometric  oscillations  at  this 
station  can  probably  be  identified  with  oscillations  at  some  of 
the  other  stations. 

Besides  the  areas  of  low  barometer  enumerated  in  the  table 
on  page  2,  there  are  but  few  others  during  this  period  which 
can  be  traced  with  confidence  from  one  station  to  another.  In 
1876,  the  number  of  stations  of  observation  in  the  tropical 
regions  was  small,  and  the  storm  of  Sept.  15-18  is  the  only  one 
which  can  be  satisfactorily  traced  from  these  observations. 

In  1877,  the  center  of  storm  No.  8  passed  at  a  considerable 
distance  from  all  of  the  reporting  stations,  and  is  only  obscurely 
indicated  by  the  published  observations.  On  the  26th  of 
August,  a  small  but  well-marked  barometric  depression  occur- 
red almost  simultaneously  at  all  of  the  stations  from  Fort  de 
France  to  Havana.  On  the  17th  and  18th  of  October,  there 
was  a  noticeable  fall  of  the  barometer,  which  apparently  ad- 
vanced from  San  Juan  de  Porto  Rico  to  Havana. 

In  1878,  from  Sept.  15th  to  16th,  a  small  barometric  depres- 
sion traveled  from  Bridgetown  to  Santiago  de  Cuba.  From 
the  2d  to  the  8d  of  October,  a  small  barometric  depression  trav- 
eled from  Fort  de  France  to  Nassau.  On  the  2l8t  of  October, 
there  was  a  decided  barometric  depression  at  Vera  Cruz  and 
Havana,  which  advanced  northerly  along  the  coast  of  the  Uni- 
ted States,  and  was  marked  by  great  violence. 

In  1879,  from  the  16th  to  the  18th  of  August,  a  small  baro- 
metric depression  traveled  from  Bridgetown  to  San  Juan  de 
Porto  Rico.  This  was  perhaps  a  continuation  of  No.  18,  of 
the  table  on  page  2,  and  if  so,  it  shows  that  this  storm  veered 
a  little  to  the  north  of  west,  like  most  of  the  storms  of  this 
region.  On  the  28th  of  August,  a  small  barometric  depression 
appeared  almost  simultaneously  at  all  the  stations  from  Navassa 
to  Tlacotalpam,  on  the  coast  of  Mexico.  This  depression  appa- 
rently advanced  northward,  but  the  published  observations  are 
not  sufficient  to  enable  us  to  trace  its  course  satisfactorily. 

This  examination  has  disclosed  a  few  barometric  depressions 
in  addition  to  those  enumerated  in  the  table  on  page  2,  but 
their  courses  were  generally  towards  the  north  of  west.  We 
therefore  seem  authorized  to  conclude  that  nearly  all  the  areas 
of  low  barometer  which  occur  within  the  tropics  and  advance 
westward,  in  the  neighborhood  of  the  West  India  Islands,  in- 
stead of  following  the  ordinary  course  of  the  Trade  Winds, 
advance  in  a  direction  somewhat  north  of  west. 

American  storms  advancing  in  a  SoiUheasterly  direction. 

During  the  colder  months  of  the  year,  storms  while  crossing 
the  United  States  frequently  advance,  during  a  portion  of  their 
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course,  in  a  direction  from  northwest  to  southeast     This  direc- 
tion is  not  confined  to  any  particular  section  of  the  country, 
but  occurs  most  frequently  in  the  region  between  the  Rocky 
Mountains  and  the  Mississippi  River.     This  course  is  seldom 
maintained  as  far  south  as  the  parallel  of  80°,  and  after  reach- 
ing its  most  southerly  point,  the  storm  frequently  changes  its 
coarse  towards  the  northeast.     The  following  table  shows  those 
cases  in  which  storms  have  advanced  towards  the  southeast  as 
far  as  the  parallel  of  28^     The  arrangement  is  similar  to  that 
of  the  preceding  tabla     The  first  six  columns  describe  each 
Rtorm  as  long  as  its  course  continued  southeasterly ;  the  last 
column  gives  some  indication  of  the  subsequent  course  of  each 
storm.    The  tracks  of  these  storms  are  all  delineated  on  Plate 
Ilf  and  are  designated  by  the  same  numbers  as  in  the  table. 

American  storms  advancing  SoutJieasterly, 


So. 

DaIa 

Latitude. 

Longitude. 

Conrse 

VeL, 

Sabseqnent 

A^viira?* 

beg.   end. 

beg.    end. 

\J^0vLm  Dv* 

milei. 

coarse. 

1 

1874. 

Feb.   17.2-18.2 

33-2*7 

86-  79 

S.E. 

21-8 

Unknown. 

2 

April  15.3-16  3 

41-26 

101-  89 

S.E. 

211 

UnknowiL 

3|l875. 

Jan.   15.1-16.2 

44-27 

106-  91 

S.E. 

271 

Unknown. 

4^1876. 

Feb.     3   -  4.1 

33-28 

98-  80 

S.E. 

28-4 

Unknown. 

51 

March  6.2-12.1 

47-27 

127-  89 

S.E. 

15-7 

Unknown. 

6 

May     6.3-  7.3 

33-27 

100-  93 

S.E. 

250 

Unknown. 

7il877. 

Jan.     4.2-  5.3 

46-28 

100-  90 

S.S.E. 

40-4 

N.E. 

8 

Mar.  21.2-24.1 

42-28 

100-  95 

O.iS.  Ei. 

22-5 

N.E. 

9 

Dec.   19    -20 

44-28 

102-  98 

S.E. 

100 

N. 

10 

Dec.  22    -27.2 

47-27 

102-  95 

S.E. 

29-7 

N.E. 

11  1878. 

Feb.     1.1-  2.3 

33-26 

96-  84 

S.E.^ 

18-3 

N.E. 

12  1 

Aug.  20.2-24.2 

38-22 

83-  81 

S.o.Ti. 

15-1 

Became  extinct. 

131 

Nov.  16.2-17.2 

28-24 

102-  93 

S.S.E. 

24  0 

N.E. 

14 '1879. 

Jan.     6.3-  7.3 

38-27 

110-  98 

S.E. 

39-2 

N.E. 

15  1 

Jan.     8.3-11.1 

49-27 

119-  98 

S.E. 

304 

N.E. 

16 1 

May     4.1-  6.1 

34-24 

101-  96 

o.b.  K. 

161 

Became  extinct. 

We  see  from  this  table  that  the  average  velocity  of  these 
storms  while  pursuing  their  course  towards  the  southeast,  was 
twenty-four  miles  per  hour,  which  differs  but  little  from  the 
average  velocity  of  storms  in  other  parts  of  the  United  States. 
The  lowest  latitude  attained  by  any  of  these  storms  was  22^ 
degrees;  and  in  only  three  cases  did  the  low  center  reach  the 
parallel  of  25  degrees.  In  eight  cases  the  storm  center,  after 
completing  its  course  towards  the  southeast,  changed  its  course 
and  proceeded  towards  the  north  or  northeast  In  two  of  the 
remaining  cases  the  intensity  of  the  storm  declined  in  advanc- 
ing southward,  and  they  apparently  became  extinct  soon  after 
the  dates  given  in  the  table.  The  same  was  probably  true  in 
the  six  remaining  cases,  but  the  observations  are  not  sufficient 
to  establish  this  with  certainty. 
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Storm  No.  12  was  quite  peculiar,  having  pursued  a  path 
almost  directly  opposite  to  that  of  ordinary  storms.  During 
the  afternoon  of  Aug.  20th,  1878,  there  was  an  area  of  low 
pressure  (29*75)  over  West  Virginia,  being  part  of  a  greater 
depression  whose  center  was  over  Newfoundland,  and  there 
was  a  slight  tendency  to  the  formation  of  an  independent  sys- 
tem of  circulating  winds.  Owing  to  a  slight  increase  of  pres- 
sure on  the  north  side,  this  low  area  was  crowded  southward, 
and  in  the  afternoon  of  Aug.  21st  assumed  the  character  of  an 
independent  low  area  (29*78)  with  a  feeble  system  of  circulat- 
ing winds.  At  7.35  A.  M.  Aug.  22d,  this  low  center  had  been 
crowded  south  to  lat.  80°,  the  greatest  observed  depression 
being  now  29*88.  After  this  the  pressure  increased,  and  the 
low  center  could  not  be  distinctly  traced.  This  example 
appears  to  illustrate  the  general  character  of  areas  of  low  pres- 
sure, and  shows  that  their  progressive  movement  is  not  due  to 
a  simple  drifting  of  the  atmosphere,  but  rather  to  a  diminution 
of  pressure  on  one  side  of  the  low  area  and  an  increase  of  pres- 
sure on  the  other  side.  In  the  present  case,  there  was  scarcely 
any  appreciable  diminution  of  pressure  on  the  south  side,  and 
only  a  slight  increase  of  pressure  on  the  north  side. 

American  storms  advancing  NortJierly  and  Easterly, 

The  storms  which  cross  the  United  States  north  of  the  par- 
allel of  38  degrees,  generally  pursue  a  course  a  little  to  the 
north  of  east;  while  those  which  come  from  the  region  south 
of  lat  38  degrees  generally  pursue  a  course  nearly  northeast, 
especially  in  the  neighborhood  of  the  Atlantic  coast  During 
the  summer  months  few  storm-centers  travel  south  of  the  par- 
allel of  38°,  and  during  this  period  the  average  coui-se  of 
storms  is  almost  exactly  towards  the  east 

The  following  table  shows  those  cases  in  which  storms  have 
traveled  northward  and  eastward,  and  came  from  a  point  as  far 
south  as  lat.  26°.  The  arrangement  of  the  table  is  similar  to 
that  of  the  preceding.  Columns  8  and  4  show  the  position  of 
the  storm-center  at  the  beginning  and  end  of  the  northeasterly 
motion,  as  far  as  is  indicated  by  the  observations;  column  7th 
shows  the  lowest  pressure  reported,  and  column  8th  gives  a 
brief  indication  of  the  previous  course  of  the  storm.  On  Plate 
III  these  tracks  are  delineated  and  are  designated  by  the  same 
numbers  as  in  the  tabla 

We  see  from  this  table  that  storms  of  this  class  occur  most 
frequently  in  the  autumn,  and  least  frequently  in  summer. 
One  of  these  storms  began  near  lat  15° ;  two  began  near  lat 
20° ;  and  seventeen  of  them  began  south  of  lat  24^ 
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American  storms  advancing  Northerly  and  Easterly, 


Ko. 

Date. 

Latlt*e. 
beg.  end 

Long, 
beg.  end 

Coane. 

Vel.. 
miles. 

Loweet 
Barom. 

Prevloni  coarse. 

1 

1872.   Nov.    6.1-  7.3 

o         o 

26-47 

95-65 

B.N.E. 

60-4 

29-71 

Unknown. 

% 

Nov.    7.3-  9.3 

25-30 

95-78 

E.N.E. 

21-1 

29-74 

Unknown. 

3 

Dec.     9.2-13.3 

20-47 

101-57 

N.E. 

28-6 

29-86 

Unknown. 

4 

Dec   23.2-27.2 

25-44 

95-58 

N.E. 

29-8 

29-17 

Unknown. 

5 

1873.   Feb.  19.1-22.1 

21-46 

98-64 

N.E. 

361 

2917 

Unknown. 

6 

May     4.1-10.1 

24-43 

98-81 

N.E. 

15-8 

29-57 

Unknown. 

7 

Sept  18.1-20.1 

24-34 

92-74 

N.E. 

24-3 

29-57 

Unknown. 

8 

Sept.  22.3-24.1 

25-36 

86-72 

N.E. 

28-5 

29-78 

Unknown. 

9 

Oct      5.1-  8.2 

25-43 

87-62 

N.E. 

32-9 

29-02 

Towards  N.W. 

10 

Dec.   24.2-27.1 

24-43 

88-62 

N.E. 

30-4 

29-37 

Unknown. 

11 

1874.  Jan.     5.2-  9.1 

25-49 

87-68 

N.N.B. 

180 

29-42 

Unknown. 

13 

Feb.      7.2-11.1 

25-46 

82-58 

N.N.E. 

250 

28-95 

Towards  N.W. 

13 

April  17.3-24.1 

24-46 

94-59 

N.&N.E. 

29-7 

29-36 

Unknown. 

14 

Sept     2.3-10.2 

22-50 

99-89 

North. 

21-5 

29-47 

Unknown. 

15 

Sept  27.1-30.2 

25-50 

87-66 

N.N.E. 

260 

28-94 

Unknown. 

16 

Dec.    18.2-21.1 

25-39 

96-62 

N.E. 

34*6 

29*33 

Unknown. 

17 

1875.   Nov.     6.1-  7.3 

25-31 

98-78 

E.N.E. 

32-9 

29-82 

Unknown. 

18 

1876.   Oct    19.1-21.1 

21-32 

82-72 

N.N.E. 

19-5 

29-51  Not  traceable. 

19 

1877.   Sept  16.1-21.3 

25-31 

96-76 

E.N.E. 

10-7 

29*40  Unknown. 

20 

1878.  Jan.      6.1-12.2 

24-46 

100-66 

N.E. 

26-4 

28-86  Not  traceable. 

21 

Feb.   26.2-28.1 

24-30 

92-71 

E.N.E. 

311 

29-71 

Came  from  N.W. 

22 

Mar.   17.1-17.2 

2.3-25 

86-78 

E.N.B. 

? 

29-79 

Not  traceable. 

23 

Mar.   19.3-22.3 

25-27 

95-78 

East 

150 

29-71 

Came  ftpom  W. 

24 

July     2.1-  2.3 

25-27 

86-78 

E.N.E. 

22-9 

29-77 

Not  traceable. 

25 

Sept  24   -33 

15-32 

76-61 

N.A  N.E. 

101 

29-70 

Not  traceable. 

26 

Oct.    21.1-24.2 

20-38 

81-57 

N.AE. 

27-5 

28-83 

Not  traceable. 

27 

Nov.  13.3-20.1 

22-44 

97-57  E.A  N.E. 

24-5 

29*83 

Not  traceable. 

28 

Nov.   17.2-21.1 

24-47 

93-57 

N.E. 

40-3 

29*47 

Came  from  N.W. 

29 

1879.   Nov.  19.1-20.3 

23-49 

74-60 

N.N.E. 

48-8 

29*00 

Not  traceable. 

30 

1880.   Jan.    24    -28.1 

21-36 

86-76,      N. 

14-3 

2968 

Not  traceable. 

31 

March  7.3-  9.2 

26-32 

99-74    E.N.E. 

380 

29*86 

Not  traceable. 

32 

May      3.1-  6.2 

26-47 

93-69      N.E. 

23-8 

29*79 

Unknown. 

33 

Aug.  19    -20 

20-27 

78-74 

N.N.B.  1 

12-4 

29*86 

Towards  N.W. 

Three  of  these  storms  had  been  traveling  towards  the  north- 
west, previous  to  the  dates  given  in  the  table,  and  two  of  them 
came  from  the  northwest;  but  in  the  other  cases  the  baromet- 
ric depression  was  too  small  to  allow  us  to  trace  their  course 
previous  to  the  dates  here  given.  For  most  of  the  cases  in  the 
last  half  of  the  table  this  is  clearly  shown  by  the  International 
Observations,  and  we  may  therefore  infer  it  to  be  true  in  the 
other  cases.  As  long  as  these  storms  continued  south  of  lat. 
30°,  the  barometric  depression  was  generally  small,  but  it  in- 
creased as  the  storm  advanced  northward.  In  fifteen  cases  the 
barometer  fell  below  29*5  inches,  and  in  four  cases  it  fell  below 
29*0  inches.  The  average  velocity  of  progress  of  these  storm - 
centers  while  advancing  northward  and  eastward  was  26*9 
miles  per  hour.  From  a  comparison  of  these  three  tables  we 
perceive  that  the  American  storms  which  originate  between 
the  equator  and  lat.  20°  N.  generally  travel  towards  a  point 
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between  north  and  west,  but  occasionally  tbey  advance  almost 
exactly  northward. 

Course  of  hurricanes  originating  near  the  Bay  of  Bengal^  China 

Sea^  etc. 

The  following  table  contains  various  particulars  respecting 
those  hurricanes  in  Southern  Asia  and  its  vicinity,  whose  paths 
have  been  best  determined.  Tt  includes  all  those  which  were 
most  carefully  investigated  by  Henry  Piddington,  together 
with  those  which  have  oeen  since  investigated  by  Blanford,  El- 
liott and  others.  Column  1st  gives  the  number  of  reference ; 
column  2d  shows  the  date  of  commencement,  so  far  as  indicated 
by  the  published  observations;  column  8d  shows  the  latitude 
of  the  storm's  center  when  it  first  became  violent ;  column  4th 
shows  the  average  course  of  the  storm  while  advancing  west- 
ward ;  column  5th  shows  the  velocity  of  progress  in  English 
statute  miles  per  hour  while  moving  westward ;  column  6th 
shows  the  latitude  at  which  the  course  of  the  storm  became 
due  north ;  column  7th  shows  the  velocity  while  moving 
north  ;  column  8th  shows  the  average  course  of  the  storm  after 
turning  eastward ;  column  9th  shows  the  hourly  velocity  of 
progress  while  moving  eastward  ;  column  10th  shows  whether 
rain  was  mentioned  as  accompanying  the  storm,  and  whether 
the  rain-fall  was  violent  or  not;  column  11th  indicates  the 
name  of  the  person  by  whom  the  phenomena  of  the  storm  were 
investigated.  (P.)  stands  for  Henry  Piddington ;  (B.)  for 
Henry  F.  Blanford;  (E.)  for  J.  Elliott;  (R)  for  William  C. 
Bedfield;  (F.)  for  J.  Floyd;  (M.)  for  Matthew  F.  Maury;  (L.) 
for  G.  von  Liebip;  (G.)  for  Colonel  J.  E.  Gastrell  and  Henry 
F.  Blanford;  and^  (W.)  for  W,  G.  Willson.  Column  12th 
shows  where  the  record  of  the  investigation  may  be  found. 
J.  A.  S.  stands  for  Journal  of  the  Asiatic  Society  of  Bengal ; 
J.  S.  for  the  American  Journal  of  Science;  S.  D.  for  Maury's 
Sailing  Directions ;  the  other  references  are  to  special  reports 
made  oy  the  investigators  to  the  Government  of  Bengal. 

It  will  be  seen  that  52  per  cent  of  these  cases  occurred  in  the 
months  of  September,  October  and  November,  and  43  percent 
occurred  in  the  months  of  April,  May  and  June,  leaving  only 
5  per  cent  of  the  cases  for  the  six  remaining  months  of  the 
year.  Of  the  West  India  hurricanes  reported  in  my  fifth  paper, 
b8  per  cent  occurred  in  the  months  of  August,  September  and 
October,  leaving  only  12  per  cent  for  the  remaining  nine 
months  of  the  year:  that  is,  the  Asiatic  hurricanes  occur  in 
the  spring  almost  as  frequently  as  in  the  autumn  ;  but  the 
American  hurricanes  are  almost  exclusively  confined  to  the 
period  near  the  autumnal  equinox. 
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m  ofHurrkanet  originating  near  the  China 

Sea,  Bay  of  Bengal, 

etc. 

maeBtmml. 

1 

18 
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:sb 

B 

u    " 

fs 

P. 

«.   Sept  21 

lG-0 

W.  13  N. 

9'1 

Hwfy 

J.A,S.,v.  11 

M.    Sept-  28 

18-1 

W.  12  S. 

7'3 

Henvy 

P, 

J.  A.  S.,  T 

N.    Aug.    a 

20'S 

W,  18  N. 

17-0 

Heavy 

R. 

J.  a.,  V.  3 

a.    ApHI   8 

22  6 

S.   37  E. 

Hail 

F. 

J.  A.  S..  V 

■.   Juno    3 

ao'O 

w.  isa 

3-9 

Violent 

P. 

J.  A.  a.  T 

SepL  30 

220 

W.  52  S. 

9-5 

Violent 

P. 

J.  A.S.,T 

.       KoT.  12 

W.  23  N. 

6-2 

Heavy  1  P. 

J.  A.  S.,  V 

m.   April  37 

11-6 

W.  54N 

9'8 

Violent!  P. 

J.  A.  a,  T 

Septaa 

1B-G 

W.  83N 

100 

Violent 

P. 

J.  A.  S..  V 

HI.    U>T   la 

10-0 

W.  25  N 

14-7 

Heavy 

P. 

J.  A,  S.,  V 

m.   June    2 

30'S 

W.  69N 

4-8 

Violent 

V. 

J.  A.  a,  V 

Ocl,      1 

17-7 

W.  3IN 

7-6 

24-3 

4'G 

Violent 

P. 

J,  A.  a,  V 

Oct  -n 

)2'0 

8-8 
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W.38N 

12-1 
12-1 

Violent 
Heavy 

P. 

J.  A,  S.,  V 

m.  u>r  20 

P. 

J.  A.  8.,  V 

Not.  28 

W.40S 

RaiD 

P. 

J.  A.a,T 

IH.   KoT.    9 

111 

W.  IGN 

Henvy 

P. 

.T.  A.  S.,  V 

M.   Oct      7 

17'1 

W.  19N 

13-5 

Rain' 

P. 

J.A.a.  V 

KoT.  as 

6-7 

W.  13N 

W.8eN 

60 
9-4 

Violent 

VioUut 

p 

J.  A.  S.,  V 

ML   April  16 

P. 

J.  A.  a,  V 

Nov.  18 

170 

W.49N 

8-3 

185 

5-9 

N.  B3  K. 

E'O'RalD 

P. 

J.  A.S.Y 

ML   Oct.    IS 

17-8 
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p. 
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8'7 

W.  50  X 
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P. 

J.  A.  .';„  V 

20 

Nov.  IT 

12-2 

ff.70N 

e-0 

Heavy 

P. 

.1.  A.  a,  V 

23 
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10-6 

W.  54K 

Violent 

P. 

,1.  A.  a,  ^ 

Oct    21 

n-e 

17-6 

10-9 

N.  43  E. 

B-J 

Rain 

P. 

J.  A.  a,  V 

23 

ML    M>7  12 

1 6-7 

2»-0 
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Rain 

P. 

J.  A.  a,  V 

24 
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Vr.  24  S 

117 

N.  39  K. 
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p 
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27 
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M, 

B.  D.,  V.  1 

m.  April  9 

14-2 

N.  39  E. 

12-1 
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L. 

.1,  A.  S.,  v.  21 

ML    Oct      3 

16-0 

W.  56  N 

9-2 

31-3 

12-0 

N.  2S  E. 

15-0  Violaot 

G. 
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m.  usj  13 

16  0 

W.41N 

7 '6 

29S 

14-0 

N.  2E  E. 

17-P  Rftin 

D, 

Report. 

June    6 

16  4 

W.93N 

4-0 

24-0 

9-5 

N.  39  E. 

ll'O.Violeal 

B. 

Oct      7 

20-5 

W.34N 

12'S 
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B. 
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■Ml   Not.    4 
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w.  UN 

13-0 

Violent 

B. 

ML    April  28 

7-B 

W.50N 

6-0 

Heavy 

B. 

Be^r>. 

Juno  28 

20'S 

W.  2IN 

7-1 

Violent 

B. 
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Sept  19 

2Hi 

23  0 

13-7 

N.  43  E. 

13-7 

Violent 

B 

ML    May     3 

90 

W.39N 

70 

Violent 

B. 

Oct    13 

]6-e 

W,  SON 
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32-1 

N.  40  E. 

9-4 

Violent 

W. 

M.   Oct     6 

144 

W.  25  N 

1-5 

n-6 

60 

N.  16  K. 

8-0 

Heavy 

E. 

Report. 

Oct     27 

no 

140 

lO'O 

S.  17  E. 

20-0 

Violent 

E. 

Report. 

Nl    U>7   14 

9-3 

W.  G3N 

6-1) 

IS'O 

T-9 

N.  4.1  E. 

10-4 

Violent 

E. 

Report 

The  lowest  latitude  of  any  storm-path  here  recorded  ia  6'1°, 
Md  there  are  fourteen  cases  as  low  as  12°.  The  lowest  lati- 
Mde  of  any  of  the  West  India  hurricanes  is  \0°Z,  and  there  are 
only  three  cases  aa  low  as  lii'' 

_  Hard  galea  and  vi,. Inn. -ifliKilIs  of  wind  do,  however,  some- 
■Urnes  occur  diri'i'tly  under  tin::  equator.  This  is  shown  by  vari- 
«u  logs  quote<l  in  PitJdiugtoii  s  Memoirs.     The  following  is  an 
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example  from  the  log-book  of  the  Winifred,  quoted  in  Pid- 
dington's  11th  Memoir,  pages  30  to  40: 

1843,  Nov.  26,  lat.  9**  40'  N.  Dark  and  threatening — strong,  heavy  squalla. 

Not.  2*7,    "    7      4  N.  Sudden  and  dangerous  gusts  and  violent  squalls. 

Nov.  28,    •'    4    27   N.  Heavy  rain  and  most  terrific  squalls. 

Nov.  29,    *'    1    20  N.  Succession  of  dangerous  squallB.  I 

Nov.  30,    "1      IS.  Dismal  weather  and  violent  squalls.  i 

Dec.     1,    "    3    15  S.  Dark,  gloomy  weather  and  violent  squalls. 

The  following  is  from  the  log-book  of  the  Fjzul  Curreem,  « 
for  the  same  period : 

1843,  Nov.  27,  lat.  S'*  11'  N.  Heavy  squalls,  N.N.W.  te 

Nov.  28,    "2     6  N.  Fresh  gale,  west.  1 

Nov.  29,    ''    0  54  S.  Gkkle  from  west,  increasing  steadily  to  midnight     ^ 

Nov.  30,    "    3   50   S.  Steady  at  west. 

Dec.    1,    "    5   39   S.  Strong  sea  from  W.S.W. 

Dec.    2,    "    6  41   S.  Heavy  head  sea. 

The  courses  of  these  storms  while  moving  westward,  range 
from  13  degrees  south  of  west  to  86  degrees  north  of  west  In 
two  cases  the  course  was  reported  to  be  south  of  west,  and  in 
one  case  it  was  exactly  west,  which  result  accords  very  closely 
with  that  before  found  for  West  India  hurricanes.  The  ave- 
rage velocity  of  prograss  of  these  storms  while  advancing  west- 
ward was  8*1  English  statute  miles  per  hour,  which  is  less  than 
half  the  average  velocity  of  West  India  hurricanes. 

The  average  latitude  of  the  storm-centers  when  the  course 
became  due  north  was  19*8,  and  the  latitudes  range  from  14* 
to  24°'8,  which  is  ten  degrees  more  southerly  than  the  latitude 
before  found  for  the  West  India  hurricanes.  The  average 
velocity  of  progress  of  these  storms  when  advancing  northwaid 
was  9'3  miles  per  hour. 

The  average  course  of  these  storms  after  turning  eastward, 
was  86°  east  of  north,  and  their  velocity  of  progress  was  9^ 
miles,  which  is  scarcely  half  of  the  velocity  found  for  West 
India  hurricanes. 

Column   10th  shows  that  rain  accompanied  every   one  erf 
these  storms,  and  generally  the  rain-fall  was  excessively  great 
These  observations  were  generally  made  from  vessels  on  tbe 
ocean,  and  the  amount  of  the  rain-fall  could  not  be  measured,     ■ 
but  the  rain  was  generally  characterized  by  the  strongest  terms 
which    the  English  language  furnishes,  such  as:  very  heavj  .J 
rain — constant  heavy  rain — ceaseless  rain — excessively  heavy ^ 
rain — incessant  heavy  rain — sheets  of  rain — deluge  of  rain—  .^, 
rain  poured  down  in  torrents — dense,  thick,  impenetrable  raitt 
— rain  with  a  vengeance — rain  and  very  large  nail — rain  and 
sleet — hard  sleet — torrents  of  rain  and  sleet,  etc. 

When  a  storm-center  passed  overland,  where  a  rain-gauge  ._- 
was  observed,  the  measurements  showed  that  the  preceding- 
terms  were  no  exaggeration.     The  following  table  shows  tJie  ; 
amount  of  rain-fall  in  twenty -fovir  hoMt^  «il<iettain  stations: 
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Rain-fall  in  TVopical  Cyclones. 


DkU. 

PllC 

^ 

Long. 

a 

AntiDrtly. 

9.    June    i 

Dacca 

33-7 

BO'n 

"^ 

Piddington,  m  Memoir,  p.  37 

1.   June    3 

OalcQHa 

22-5 

88-3 

O'll 

7t!i  Memoir,  p.  35 

June    3 

ZiBBcnuggur 

23-4 

US-4 

9-00 

7th  Memoir,  p.  43 

Oct      3 

PoorOB 

1»'8 

85-9 

&-10 

9th  Memoir,  p.  27 

3.    Hb7   S3 

Cannanora 

11-9 

6-96 

IHtb  Memoir,  p.  3 

Hay  23 

Madras 

13-1 

80-3 

lOSO 

10th  Memoir,  p.  30 

May   13 

25-3 

8H'4 

900 

lOlh  Memoir,  p.  2 

I.   M«y     5 

Madras 

13'1 

80-3 

11-44 

2lBt  Memoir,  p.  1 

4.   OcL      6 

CoDtai 

21-8 

87-8 

tO'OO 

Rep.  of  Gaatrell  4  Blanford,  p. 

82 

Oct.      6 

Bograh 

24-8 

894 

7-10 

P- 

82 

Oct      6 

Goalparab 

26-2 

907 

fiO-00 

P- 

82 

Oct      6 

MoiaT"-]- 

23'1 

8a'5 

7-50 

P- 

82 

[4.    May     4 

iiadroB 

131 

SO-3 

WillBon'BReport,p.  127 

DM.    16 

False  Point 

20-3 

aa-8 

6'30 

p.  9 

Oct.    15 

JellBBora 

21-5 

SS-9 

B-S2 

p.  9 

Oct    la 

Mldnapore 

32-4 

(>7-a 

10-21 

P  9 

Oct    Ifl 

Burdwao 

232 

ai-e 

7-43 

p.  8 

Oct    IS,Lal)colla 

24-6 

88-3 

16-30 

^.8 

Oct    16 

Jungipore 

24-5 

87  ■» 

800 

p.  8 

0<^     16 

BoodBood 

23- 

88- 

8-40 

p.  8 

Oct    17 

Riingpore 

25  9 

89-3 

6-97 

p.  9 

lie.  Oct    T 

Vizagapalam 

17-7 

B-60 

Elliott'a  Report,  p.  48 

Oct.      8 

17-7 

83-4 

12-60 

p.^8 

Not.    1 

Noakholly 

23-8 

910 

6-12 

p.  153 

KOT.      1 

Putuakballr 

S-86 

p.  153 

nl    May   18    Madras 

131 

80'3 

13-01 

p.  42 

Uay  20 

r.ya 

24-6 

S6-1 

5-OB 

p.  76 

U>;  20 

Nowadfl 

33  9 

83-4 

800 

p.  7a 

Hay  20 

19'9 

76-3 

8-68 

p  76 

Uay  20 

Rajaahal 

2G'0 

81-7 

6-20 

P 

May  20 

Raigunge 

36- 

88- 

B-71 

P 

M»y  if) 

Jnwoi 

25- 

91- 

9-70 

p 

May   ai 

Barrh 

35-5 

B5-1 

e-43 

p 

Mar   31 

ChsDchal 

250 

88-2 

ei4 

p 

MaJ   21 

Rungpore 

36-9 

89-3  ,1116 

P 

Mav   31 

Kurigram 

25- 

89-        6-10 

p 

Hay   21 

BoKdogra 

25- 

89-    '1219 

p 

May   21 

JuJpigoree 

26-5 

8B-7  1   6-53 

P 

May  21 

Boda 

26- 

89-        8-52 

p 

May   21 

Cooeh  Behar 

26-3 

B9-5  ,  9-77 

May  31  ;  Dhnbri 

2G-0 

90-0      0-60 

p 

Mav    21  1  .Tawai 

■2:.- 

!!]■     !l4'3l) 

P 

Prom  this  table  we  see  that  these  hurricanes  were  accompa- 
ied  by  an  amount  of  rain  such  as  aeldom  occurs,  even  within 
le  tropics,  and  we  seem  authorized  to  conclude  that  excessive 
in  invariably  accompanies  the  most  violent  hurricanes.  This 
inclusion  accords  with  that  deduced  from  the  investigation  of 
e  West  India  hurricanes. 

I  next  examined  all  the  maps  of  the  International  Observa- 
ms  for  additional  materials,  showing  the  course  of  storms  in 
<atbem  Asia  and  the  adjacent  oceans.  The  following  are  the 
wt important  cases  which  I  have  found  : 
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7 

8 

9 

10 


Astatic  storms  moving  Westerly, 


No. 

Date. 

Latltade. 
beg.    end. 

Longitude, 
beg.    end. 

Coarse. 

Vel., 
miles. 

10-8 

Snbseqaent 
coarse. 

1 

1878.    Sept.  15-19 

0           o 

16-29 

134-124 

N.W. 

Moved  N.E. 

2 

Oct      7-  9 

19-19 

122-112 

West 

14-3 

Unknown. 

3 

Nov.  17-21 

12-15 

96-  82 

West 

66 

Disappeared. 

4 

Nov.  29-38 

10-18 

97-  83 

W.A^N.W. 

5-8 

Disappeared. 

6 

1879.    May   17-26 

14-35 

86-  75 

S.&W.&N. 

12-4 

Disappeared. 

6 

May   30-32 

20-22 

88-  90 

West 

7-2 

Disappeared. 

Asiatic  storms  moving  Southeasterly. 


1877.  Dec.   27-30 

1878.  Feb.  C-12 
May  3-  8 
June    2-  7 


27-20 

65-  80 

£i.o.£i. 

18-1 

39-22 

60-  92 

B.S.K. 

16-7 

33-17 

77-  79 

South 

100 

66-26 

110-112 

South 

15-4 

Moved  N.E. 
Disappeared. 
Disappeared. 
Moved  N.E. 


11 

12 

Asiatii 

1879.    Mar.     2-  6 
Mar.  16-22 

?  storms 

6-34 
10-40 

r  movhig 

118-162 
113-157 

Northern 

N.B. 
N.B. 

%terly 

21-8 
16-4 

f. 

Unknown. 
Unknown. 

In  several  of  these  cases  the  depression  of  the  barometer,  \ 
far  as  reported,  was  not  very  great,  and  the  storms  do  n- 
appear  to  have  been  of  remarkable  violence,  nevertheless  tl 
results  here  found  accord  reasonably  well  with  those  befo 
found,  except  that  the  velocities  while  the  storms  were  movii 
easterly,  are  greater  than  the  average  of  those  shown  in  tl 
table  on  page  9. 

On  comparing  all  these  tables  it  is  remarkable  that  but  fe 
cases  have  been  found  in  which  a  storm-center  has  advanc< 
towards  any  point  between  west  and  south.  Including  tl 
table  in  my  fifth  paper,  we  have  found  98  cases  of  tropic 
storms  which  advanced  westerly,  and  of  these  only  five  mov< 
towards  any  point  between  south  and  west  The  first  of  the 
advanced  in  a  direction  about  two  degrees  south  of  west;  tl 
second  advanced  eleven  degrees  south  of  west;  the  third  a 
vanced  twelve  degrees  south  of  west;  the  fourth  advanced  thi 
teen  degrees  south  of  west;  and  the  fifth,  starting  from  h 
80°,  advanced  for  three  days  in  a  direction  nearly  south,  th< 
one  day  nearly  west,  and  subsequently  towards  the  northwej 

I  next  endeavored  to  ascertain  what  was  the  prevalent  dire 
tion  of  the  wind  which  preceded  each  of  these  tropical  storn: 
and  also  the  prevalent  wind  which  succeeded  the  low  centc 
and  how  these  two  winds  generally  compared  in  respect 
force.  It  is  impossible  to  make  a  satisfactory  comparison  fro 
the  observations  in  the  International  Bulletin,  on  account 
the  small  number  of  stations,  and  because  the  observations  a 
reported  only  once  a  day.  The  following  tables  show  the  c 
rection  and  force  of  the  wind  in  the  case  of  five  of  the  low  are 
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enumerated  on  page  2,  for  the  stations  nearest  the  center  of  low 
pressure.  The  numbers  without  brackets  show  the  velocity  of 
the  wind  in  miles  per  hour;  the  numbers  in  brackets  show  the 
force  of  the  wind  estimated  in  units  of  Beaufort's  scale  (1  to 
10).  In  each  line  the  direction  and  force  for  one  day  are  printed 
in  large  type,  to  indicate  the  day  when  the  barometer  at  that 
station  was  lowest 

1876,  September, 


Uth. 

IStb. 

leth. 

S.E.8 

S.E.(6) 

17th. 

18th. 

19th. 

Kingston 
Nassau 

Calm 
N.B.(3) 

S.E.5 
N.E.(8) 

S.E.8 
S.(3) 

Calm 
N.E.0 

Calm 
N.E.(6) 

1878,  Auffvst, 

San  Juan 

Nayassa 

Kioffston 

Nassau 

Havanna 


lOth. 

nth. 

mh. 

18th. 

14th. 

8.E.2 
S.E.12 

Calm 

8.E.(1) 

E.4 

E.I3 

N.E.  10 

Calm 

N.E.(2) 

E.S.E.4 

S.E.4 
Bi.l9 

Calm 
N.E.(2) 
E.S.E.3 

S.E.8 

S.E.29 

S.E.IO 

S.E.(1) 
E.N.E.4 

S.E.0 

E.17 

S.E.20 

S.E.3 

E.9 

15tb. 


S.E.2 

E.17 

Calm 

S.E.(2) 

S.E.I6 


1878,  September, 


Nayassa 
Santiago  de  Cuba 
Kingston 


8d. 

4th. 

5tb. 

8.33 

S.E.(6) 
E.3 

6th. 

7th. 

S.19 
N.E.7 
Calm 

N.20 

N.6 

Calm 

S.E.20 
S.E.4 
S.13 

E.14 

S.E.6 

S.E.18 

8tb. 


E.15 
Calm 
Calm 


1878,  September, 


San  Juan 
Nayassa 
San^ago  de  Cuba 


34th. 

25th. 

aeth. 

27th. 

28tb. 

N.E.6 

N.W.i2 

N.(l) 

S.E.11 

N.N.E18 
N.N.B.8 

S.E.1 

E.8 

N.NE(1) 

S.E.6 
N.W.I  2 

N.(l) 

S.E.4 
8.35 

BiW(l) 

29th. 

S.K.4 

S.15 

S.W(l) 


1879,  October, 


lOth. 

uth. 

12th. 

18th. 

14th. 

15th. 

San  Juan 

S.E.4 

S.E.  7 

8.E.0 

S.E.O 

S.E.0 

S.EO 

Nayassa 

N.E.5 

E.IO 

S.E.16 

E.30 

S.E.15 

S.E.18 

Santiago  de  Cuba 

N.7 

N.2 

8.  E.IO 

S.E.6 

S.E.8 

S.E.6 

Kingston 

Calm 

Calm 

8.E.4 

S.E.18 

S.E.6 

Calm 

Nassau 

N.E. 

N.E. 

N.E. 

E. 

S.E. 

S.E. 

Hayanna 

E.N.E10 

E.6 

E.N.K.8 

E.12 

E.30 

S.S.E.18 

It  will  be  seen  that  in  every  case  the  passage  of  the  low  cen- 
ter was  followed  by  a  southerly  wind,  and  in  two-thirds  of  the 
cases  this  had  been  immediately  preceded  by  a  northerly  wind  ; 
and  in  nearly  every  case  the  southerly  wind  which  followed 
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the  low  area  was  strooger  than  the  northerly  wind  which  pre- 
ceded it  This  resalt,  I  believe,  accords  with  what  has  gener- 
ally been  observed  in  tropical  cyclones^  and  appears  to  suggest 
the  explanation  of  the  origin  of  the  cyclone,  and  the  direction 
of  its  progressive  movement  The  prevalent  direction  of  the 
wind  in  the  neighborhood  of  the  West  India  Islands,  is  from 
the  northeast  Occasionally  a  strong  wind  sets  in  from  a  south- 
erly quarter.  The  interference  of  these  winds  gives  rise  to  a 
gyration,  and  sometimes  rain-fall  is  the  result  When  rain 
commences,  the  latent  heat  which  is  liberated,  causes  the  wind 
to  flow  in  from  all  quarters,  by  which  the  rain-fall  is  increased; 
and  since  the  winds  are  deflected  by  the  rotation  of  the  earth, 
an  area  of  low  pressure  is  produced,  and  the  force  of  the  winds 
is  maintained  as  long  as  the  rain-fall  continues.  The  effect  of 
this  strong  wind  from  the  south  is  to  transport  the  low  center 
in  a  northerly  direction ;  and  by  the  combined  action  of  this 
south  wind  and  the  normal  wind  from  the  northeast,  the  center 
of  low  pressure  is  usually  carried  in  a  direction  between  the 
north  and  west 

The  following  summary  presents  some  of  the  results  derived 
from  this  investigation: 

1.  The  lowest  latitude  in  which  a  cyclone  has  been  found 
near  the  West  India  Islands  is  ten  degrees,  and  the  lowest  lat- 
itude in  the  neighborhood  of  Southern  Asia  is  six  degrees. 
Violent  squalls  and  fresh  gales  of  wind  have  however  been 
encountered  directly  under  the  equator. 

2.  The  ordinary  course  of  tropical  hurricanes  is  towards  the 
west-northwest  In  a  few  cases  they  seem  to  have  advanced 
towards  a  point  a  little  south  of  west,  and  in  a  few  cases  their 
course  has  been  almost  exactly  towards  the  north. 

3.  Tropical  hurricanes  are  invariably  accompanied  by  a  vio- 
lent fall  of  rain.  This  rain-fall  is  never  less  than  five  inches  in 
twenty-four  hours  for  a  portion  of  the  track,  and  frequently  it 
exceeds  ten  inches  in  twenty  four  hours. 

4.  Tropical  storms  are  generally  preceded  by  a  northerly 
wind,  and  after  the  passage  of  the  low  center  the  wind  gener- 
ally veers  to  the  southeast  at  stations  near  the  center;  and  the 
southerly  wind  which  follows  the  low  center  is  generally 
stronger  than  the  northerly  wind  which  preceded  it  This  fact 
appears  to  suggest  the  explanation  of  the  origin  of  the  cyclone 
and  the  direction  of  its  progressive  movement 

5.  None  of  the  storms  which  have  pursued  a  southeast  course 
across  the  United  States  and  its  vicinity,  have  been  traced 
further  south  than  latitude  22^  degrees,  and  only  three  have 
been  traced  as  far  south  as  latitude  26  degrees.  These  storms 
during  their  progress  southward  generally  decline  in  intensity. 
Some  of  them  decline  to  such  an  extent  that  their  course  can 
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longer  be  traced,  while  others  change  their  course  and  turn 
rards  the  northeast  In  my  eleventh  paper  I  have  shown 
it  storms  which  advance  from  north  to  south  across  the  Uni- 
1  States,  are  generally  attended  by  a  very  slight  fall  of  rain ; 
1  this  seems  to  explain  the  fact  that  they  generally  decline 
iDtensity  as  they  advance  southward. 

nrms  in  the  Middle  latitudes  advancing  in  a  Westerly  direction. 

The  infrequency  of  the  cases  in  which  tropical  storms  have 
tranced  towards  the  southwest,  has  led  me  to  search  for  cor- 
poading  cases  in  the  middle  latitudes  of  America  and  Eu- 
>e.  For  this  purpose  I  have  examined  all  the  cases  in  which 
I  charts  of  the  U.  S.  Signal  Service  indicate  the  movement  of 
term  center  towards  any  westerly  point.  I  have  also  exam- 
d  HoflFrneyer's  daily  charts  from  Dec,  1873,  to  Oct.,  1876; 
J  charts  of  the  Deutsche  Seewarte  from  Jan.,  1876,  to  March, 
19,  and  from  Jan.,  1880,  to  April,  1880;  also  the  charts  of 
5  International  Observations  from  Nov.,  1877,  U)  Dec,  1879. 
iny  of  the  cases  of  this  description  which  are  shown  on  the 
arts  of  the  U.  S.  Signal  Service  are  cases  in  which  the  depres- 
in  of  the  barometer  was  small,  when  there  was  no  single  well- 
fined  storm  center,  but  there  were  two  or  three  centers  of 
ght  depression  within  a  few  hundred  miles  of  each  other,  so 
at  a  slight  change  in  the  force  of  the  winds  would  cause  one 
the  centers  to  predominate  a  little,  and  thus  the  center  of 
eatest  depression  might  be  carried  in  an  unusual  direction. 
The  following  table  shows  the  most  decided  cases  in  which 
3rm-centers  in  the  United  Stales  have  advanced  in  a  westerly 
rection : 

Storms  in  the  Uriited  States  advancing  Westerly, 


Date. 


1873. 
1874. 
1876. 


1877. 
1878. 


Oct. 

May 

Jan. 

Feb. 

June 

Sept 

Feb. 

Nov. 

Feb. 

Mar. 

Mar. 

April 

June 


20.1-21.3 
9.1-  9.3 
8.3-  9.1 
25.3-26.3 
17.3-18.2 
16.1-17.3 
21.2-22.1 
22.3-24.3 
19.2-20.1 
10.1-11.1 
23.1-24.1 
28.2-29.1 
22.2-23.1 


Latlt'e. 
beg.  end 


39-46 

49-42 

44i-43 

41-38^ 

44-47 

25-41 

48-4U 

32-42 

43-34 

43-42 

50-42 

37-41 

42-44 


Long, 
beg.  end 


75-86 

97-104 

84-87 

95-97 

86-88 

77-79i 

89-93 

79i-84 

95-98 

96-104 

57^-72 

77-79i 

76-79 


Course. 


N.W. 

S.W. 

S.W. 
S.S.W. 

N.W. 

N.N.W. 

S  S.W. 

N.N.W. 

S.S.W. 

w.s.w. 

S.W. 
N.N.W. 

N.N.W. 


Vel.. 
milcB. 


20-7 
37-3 
22-2 
8-5 
12-7 
28-8 
33-9 
15-7 
430 
18-0 
36-7 
18-5 
15-7 


Lowest 
barom. 


29 


•35 
•29 
•14 
•40 
•37 
•47 
•35 
•63 
•33 
•47 
•22 
•58 
•60 


Sabseqaent 
course. 


Unknown 

N.K. 

E.N.K. 

Eastward 

Southerly 

Eastward 

Eastward 

Disappeared 

N.E. 

Eastward 

E.N.E. 

Disappeared 

E.N.E. 


The  number  of  these  cases  is  13 ;  and  4  of  these  pursued  a 
)arse  about  N.N.W.;  2  advanced  towards  the  N.W. ;  1 
awards  the  W.S.W. ;  3  towards  the  S.W.;  and  3  towards  the 
.&W.     Case  No.  1  was  particularly  noticed  in  my  seventh 
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and  eleventh  papers.  It  was  there  shown  that  this  storm  was 
accompanied  by  an  excessive  fall  of  rain  ;  also  that  the  winds 
on  the  east  side  were  uncommonly  strong,  and  observations  of 
the  upper  clouds  indicated  that  these  winds  extended  to  an 
unusual  height  above  the  earth's  surface.  Nos.  5,  6,  8,  12 
and  13  were  also  accompanied  by  a  great  fall  of  rain,  espe- 
cially No.  6,  and  in  all  of  the  cases  the  winds  from  the  south 
and  east  were  remarkably  strong.  This  will  appear  more  dis- 
tinctly from  the  following  table,  in  which  column  second 
shows  the  highest  wind  reported  for  cases  1,  5,  6,  8,  12  and 
13  at  the  given  dates  from  any  quarter  between  N.  and  W. ; 
and  column  third  shows  the  highest  wind  from  any  quarter 
between  S.  and  E. 

Highest  winds  reported. 


Date. 

N. and  W. 

8.  and  E. 

Date. 

N.  and  W. 

8. and  E. 

1873. 

Oct. 

20.1 

N.   28 

S.E. 

32 

1877.  Nov.  22.2 

N.W.  25 

S.E.  20 

20.2 

N.   36 

E. 

42 

22.3 

N.W.  16 

S.E.  22 

20.3 

N.   28 

S.E. 

32 

23.1 

N.   16 

S.E.  32 

21.1 

N.   32 

S. 

24 

23.2 

N.W.  16 

S.E.  30 

21.2 

S.       20 

s. 

28 

23.3 

W.   12 

E.   32 

21.3 

N.   32 

s. 

32 

24.1 

N.W.  12 

E.   44 

1876. 

June 

17.3 

N.   24 

S.E. 

29 

24.2 

N.   10 

E.   42 

18.1 

N.W.  30 

S.E. 

32 

24.3 

N.W.  8 

E.   28 

18.2 

N.W.  38 

S.E. 

24 

1878.  Apra28.2 

N.   20 

E.   18 

Sept. 

16.2 

N.W.  24 

E. 

24 

28.3 

N.   16 

E.   14 

16.3 

N.W.  10 

E. 

32 

29.1 

N.W.  12 

E.   30 

17.1 

W.   13 

E. 

24 

June  22.2 

N.   20 

E.   48 

17.2 

N.W.  10 

E. 

16 

22.3 

N.W.  12 

E.   40 

1877. 

Nov. 

22.1 

N.W.  13 

S.E. 

32 

23.1 

W.   12 

E.   17 

The  average  of  the  greatest  velocities  for  the  northwest 
quarter  is  19  miles  per  hour,  and  for  the  southeast  quarter 
it  is  29  miles  per  hour. 

In  the  following  table,  column  second  shows  the  highest 
wind  reported  for  cases  2,  3,  4,  7,  9,  10  and  11  at  the  given 
dates  for  any  quarter  between  S.  and  W. ;  and  column  third 
shows  the  highest  wind  reported  from  any  quarter  between  the 
north  and  east 

Highest  winds  reported. 


Date. 

8.  and  W. 
S.W.  30 

N.ande. 

Date. 

8.  and  W. 

N. and  E. 

1874.  May 

9.1 

N.E.  12 

1877.  Feb. 

22.1 

S.    21 

N.   26 

9.2 

S.    32 

N.E.  12 

1878.  Feb. 

19.2 

S.    27 

N.E.  8 

9.3 

S.    40 

E.   17 

19.3 

S.    22 

E.   15 

1876.  Jan. 

8.3 

S.    25 

N.E.  26 

20.1 

S.W.  32 

N.   18 

9.1 

S.W.  18 

N.E.  29 

Mar. 

10.1 

S.   20 

N.E.  40 

Feb. 

25.3 

S.    22 

N.E.  44 

10.2 

W.   30 

N.E.  55 

26.1 

S.    14 

N.K.  50 

10.3 

S.    U 

N.E.  36 

26.2 

S.   24 

N.E.  44 

11.1 

S.W.  8 

E.   16 

26.3 

S.    18 

N.E.  44 

24.1 

S.W.  22 

N.   40 

1877.  Feb. 

21.3 

S.   21 

N.   20 
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[^he  average  of  the  greatest  velocities  for  the  southwest  quar- 
ts 23  miles  per  hour,  and  for  the  northeast  quarter  it  is  29 
es  per  hour.  There  are  several  instances  in  which  the  mode 
:x>mparison  here  adopted  does  not  fairly  indicate  the  relative 
ce  of  the  winds  on  the  opposite  sides  of  a  low  center,  espe- 
lly  when  the  low  center  happens  to  be  situated  near  the 
rgin  of  the  Signal  Service  map,  but  the  average  of  the  results 
len  the  storms  were  advancing  towards  the  northwest,  and 

0  when  they  were  advancing  towards  the  southwest,  appears 
ry  decided,  and  seems  to  indicate  distinctly  that  the  centers 
least  pressure  advanced  in  that  direction  towards  which  the 
nds  pressed  in  with  the  greatest  force. 

In  my  first  paper  I  gave  the  result  of  two  years'  observations, 
aich  showed  that  the  average  velocity  of  the  wind  on  the 
5st  side  of  a  low  center  (within  the  isobar  29*90)  was  10*1 
iles,  and  on  the  east  side  8*8  miles ;  being  22  per  cent  greater 

1  the  west  side  than  on  the  east  side.  We  have  now  found 
at  when  a  low  center  advances  westward,  the  velocity  of  the 
nd  is  generally  greatest  on  the  east  side  of  the  low  center. 
36  progressive  movement  of  storms  probably  depends  upon 
steorological  conditions  which  prevail  at  a  considerable  dis- 
Qce  from  the  low  center.  HoflFmeyer  s  charts  and  the  Inter- 
tional  maps  sometimes  inform  us  what  these  conditions  are. 
le  following  summary  shows  certain  conditions  which  pre- 
iled  at  each  of  the  cases  contained  in  the  table  on  page  15,  as 
•  as  is  shown  by  the  maps  which  I  have  received. 

^0.  3.  High  on  the  north  and  east  (765)  with  low  (735)  -near  South  Greenland. 

!^o.  4.  High  on  the  northeast  (775  to  786)  with  low  (735)  near  Newfoundland. 

!»o.  5.  High  on  the  east  (770)  with  low  (740)  near  Iceland. 

^o.  6.  High  on  the  northeast  (775)  with  low  (750)  over  the  Atlantic. 

!fo.  8.  High  on  the  northeast  (3040)  with  low  (2980  to  2920)  over  the  Atlantic. 

S'o.  9.  High  on  the  east  (3020)  with  low  (2920)  near  Newfoundland. 

S'a  10.  High  on  the  northeast  (3060)  with  low  (2940)  over  the  Atlantic. 

5fa  11.  High  on  the  north  and  northeast  (3020)  with  low  (2900)  over  North- 

I  Europe. 

S'o.  12.  High  on  the  north  and  northeast  (30*20)  with  low  (29-40J)  near  South 

eenland. 

^0.  13.  High  on  the  north  and  east  (3020  to  3040)  with  low  (29*60)  near 

tUod. 

Thus  we  see  that  in  the  preceding  cases  there  generally  pre- 

liled  a  considerable  area  of  low  pressure  over  the  Atlantic 

:ean,  while  on  its  western  or  northwestern  side  a  cold   wind 

)in  ihe  north,  with  high  pressure,  was  forcing  its  way  south- 

ird,  and  this  may  be  presumed  to  have  crowded  westward 

e  low  areas  prevailing  at  the  same  time  over  the  United 

Ales. 

The  following   summary  presents   some  of   the  conditions 

•evailing  at  these  dates  on  the  Western  side  of  these  low 

eas. 

Am.  Jour.  Sci.— Third  Series,  Vol.  XXI,  No.  121.— Jan.,  1881. 
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No.  1.  Low  center  (29*70)  on  the  Northwest  side  which  graduallj  approached 
and  coalesced  with  No.  1. 

No.  2.    Isobars  protruded  very  much  towards  8.W. 

No.  3.     Isobars  protruded  very  much  towards  8.W. 

No.  6.     Low  center  (29*50)  on  the  Northwest  side. 

No.  7.    Isobars  protruded  towards  S.S.W. 

No.  8.    Low  center  (29-50)  on  the  Northwest  side. 

No.  9.     Isobars  protruded  to  a  great  distance  towards  S.W. 

No.  10.  Low  center  (29HC)  in  the  Gulf  of  Mexico. 

No.  11.  Isobars  protruded  to  a  great  distance  towards  S.W. 

No.  12.  Low  center  on  the  N.W. 

No.  13.  Subordinate  low  center  on  the  N.W. 

Thus  we  see  that  while  on  the  East  side  of  these  low  areas 
there  were  causes  which  tended  to  increase  the  pressure  on  that 
side,  there  were  different  conditions  on  the  Western  side  which 
tended  to  divert  the  winds  Westward,  and  this  is  apparently 
the  most  important  reason  why,  in  these  cases,  the  centers  of 
least  pressure  advanced  Westward. 

Storms  advancing  Westerly  over  Europe  and  the  AtlufUic  Ocean. 

The  following  table  shows  the  most  decided  cases  in  which 
storm  centers  have  advanced  in  a  Westerly  direction  over 
Europe  and  the  Atlantic  Ocean. 

European  storms  advancing  Westerly, 


No. 

Date. 

Latltode. 
beg.    end. 

Longitude, 
beg.           end. 

Conne. 

Vel.. 
mllea. 

Low't 
bar*in 

Bnbfleqnoit 
course. 

1 

1875.    Mar. 

14-16 

O                     0 

50  -46 

37W.-43iW. 

&W. 

8-3 

730 

Absorbed 

2 

Dec. 

17-19 

64  -64 

29W.-43W. 

West 

8-8 

720 

Easterly    * 

3 

1876.    April 

19-20 

52  -56 

3W.-5W. 

N.N.W. 

12-2 

736 

N.E. 

4 

June 

19-20 

57^-601 

23iW.-27W.      N.W. 

101 

730 

Subdivided 

5 

June 

22-2,3 

57^-59 

26W-33iW. 

N.W. 

121 

740 

Disappeared 

6 

Sept. 

9-12 

56  -60 

21E.-7E. 

N.W. 

80 

735 

Subdivided 

7 

Sept. 

22-23 

54^56 

26iW.-30W. 

N.W. 

6-7 

740 

Subdivided 

8 

Get. 

20-21 

56f-64 

34iW.-49W. 

N.W. 

28-7 

720 

Eastward 

9 

Nov. 

12-14 

50  -52 

7W.-16W. 

W.N.W. 

8-8 

730 

Northward 

10 

Dee. 

2\-2:\ 

53  -56 

1W.-8W^ 

W.N.W. 

3-8 

729 

Southerly 

11 

1877.    April 

4-  8 

56  -60 

9W.-13W. 

S.S.W. 

4-8 

733 

N.E. 

12 

May- 

3-  6 

52  -64 

44K.-18H:. 

N.W. 

17-2 

744 

Disappeared 

13 

July 

15-16 

54  -54 

2W.-5W. 

West 

3-4 

737 

N.E. 

14 

Aug. 

9-9^ 

54  -67 

0-4W. 

N.W. 

19-2 

745 

Disappeared 

15 

1878.    Mar. 

31-32 

59  -59 

lOK.-O 

West 

14-3 

729 

North 

16 

May 

30-32 

60  -60 

27E.-17E. 

West 

71 

741 

N.E. 

17 

Nov. 

4_  6  54  -59 

25E.-19E. 

N.N.W. 

8-6 

737 

N.E. 

18 

Nov. 

11-13 

59  -49 

7E.-3E. 

S.S.W. 

14-4 

733 

S.E. 

19 

Nov. 

14-16 

47  -54 

10E.-4K. 

N.N.W. 

11-6 

734 

South 

20 

Dec. 

10-11 

52  -56i 

25K.-23P:. 

N.N.W. 

14-9 

739 

N.E. 

21 

1880.    Feb. 

I6i-17  54  -56 

7iW.-10W. 

N.W. 

17-2 

720 

Unknown 

r 

["he  first  eight 

cases  a 

re  derived 

from  a 

m   e: 

Kami 

nation   of 

Hoffmeyer's  charts.  Six  of  these  cases  occurred  near  the  mid- 
dle of  the  Atlantic  ocean  ;  one  on  the  western  borders  of 
Europe,  and  the  other  in  the  eastern  part  of  Europe.  They 
are  cases  in  which  the  depression  of  the  barometer  was  consid- 
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erable ;  in  which  the  low  center  was  pretty  sharply  defined ; 
and  in  which  no  neighboring  low  center  is  represented  on 
HoflFmeyer*s  maps.     Cases  9  to  21  have  been  derived  from  the 
charts  of  the  Deutsche  Seewarte,  and  all  have  been  carefully 
compared  with  the  International  Observations,  excepting  No. 
21,  for  which  the  International  Observations  have  not  yet  been 
received.     Of  these  21  cases,  14  advanced  towards  some  point 
between    north   and   west,   8   advanced   towards  some   point 
between  south  and  west,  and  4  advanced  almost  exactly  west 
I  have  endeavored  to  compare  the  force  of  the  wind  on  that 
gide  of  each  low  area  towards  which  the  storm  was  advancing, 
with  the  force  on  the  opposite  side  according  to  the  observa- 
tions delineated  on  Hoffmeyer's  charts.     The  number  of  the 
observations  over  the  Atlantic  Ocean  is  so  small  that  the  re- 
sults for  that  region  are  not  entitled  to  much  weight     The 
following  shows  the  comparison  of  the  observations  within  the 
iaobar  750  for  cases  8  ana  6,  the  force  of  the  winds  being  rep- 
resented by  the  numbers  of  Beaufort's  scale  (0  to  6). 


Front. 

Bear. 

Front. 

Bear. 

1876.   April  19 

1-76 

2*27 

1876. 

Sept  10 

2-20 

3-33 

Sept     9 

1-42 

150 

Sept  11 

1-83 

2-87 

Thus  we  see  that  on  the  rear  of  these  low  areas  the  average 
force  of  the  wind  was  88  per  cent  greater  than  on  the  front  side. 

The  following  summary  shows  the  state  of  the  barometer  on 
the  east  side  and  also  on  the  west  side  of  storms  Nos.  1-8  and 
No&  15-20. 

On  the  East  side  of  the  low  area. 


1 

! 

3 
i 


775  on  tlie  north  and  east  increas- 
ing to  780  on  the  northeast 
735  on  the  east 
770  on  the  east 
765  to  770  on  the  east 


5  770  on  the  northeast  side. 

6  770  on  the   east  and   700  on   the 
,    north-northeast 

7  j  765  on  the  east  and  southeast. 

8  770  to  776  on  the  east. 

15  30-4  to  30-6  on  the  east 

16  -  Barometer    slightly    below  normal 
throughout  nearly  all  of  Asia. 

30-6  on  the  east 


17 

18 
19 

20 


30*4  on  the  southeast. 
30-4  on  the  east 

30-8  to  31*0  on  the  east 


On  the  West  side  of  the  low  area, 

29-4  to  290  in  the  United  States.  Iso- 
bars protruded  westward. 

29-6  to  29-2  near  Newfoundland. 

755  to  740  near  Newfoundland. 

29*6  in  the  United  States.  Isobars  pro- 
truded westward. 

765  to  745  near  Hudson's  Bay. 

765  to  770  on  the  west,  with  765  to  736 
near  Newfoundland. 

755  to  750  on  the  northwest 

Subordinate  low  (736)  near  South  Green- 
land.    Also  745  in  the  United  States. 

29-7  to  29'4  near  Newfoundland. 

29*7  near  Greenland. 

30-2  falling  to  300  on  the  west  Also 
29*6  near  Newfoundland. 

30-4  on  the  southwest 

Subordinate  low  (29-4)  on  the  north- 
west side;  also  29*  1  in  Greenland. 

29-8  to  30*0  on  the  west  and  northwest. 


In  all  but  two  of  these  cases  there  was  an  area  of  high  pres- 
sure on  the  east  side  of  the  storm  center,  and  in  several  of  the 
.cases  this  pressure  was  above  30'6  inches.     Such  a  pressure  is 
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sufficient  to  produce  a  wind  of  considerable  forca  On  the  w 
side  of  these  storm  centers  there  was  generally  a  second  area 
barometric  depression,  and  in  several  cases  the  two  depress 
areas  approached  each  other  until  they  coalesced,  by  whi 
means  the  eastern  low  center  was  apparently  transported  we 
ward.  Nos.  1,  2,  8  and  19  were  of  this  description,  and  prol 
bly  also  No.  5.  In  several  other  cases  the  two  low  an 
approached  each  other  until  they  formed  a  single  low  area 
an  elongated  form,  with  two  low  centera  which  remained 
several  days  distinct  from  each  other.  Such  were  Nos.  8,  4 
and  15.  In  No.  6  the  storm  was  apparently  diverted  Nor 
ward  by  the  low  area  on  the  north-northeast.  In  No.  16  t 
pressure  was  generally  below  80  inches  throughout  noi 
America,  the  North  Atlantic  Ocean,  as  well  as  Europe  a 
Asia.  In  such  a  case,  slight  local  causes  are  sufficient  to  div< 
the  winds  in  a  new  direction.  In  No.  17  there  was  apparent 
an  area  of  low  pressure  on  the  north  beyond  the  stations  of  t 
International  Observations.  In  No.  18  there  was  a  high  ai 
on  the  southeast  and  another  on  the  southwest,  and  the  1< 
area  pushed  in  between  them.  In  the  United  States  it  is  f 
quently  observed  that  when  two  areas  of  high  pressure  approa 
within  a  few  hundred  miles  of  each  other,  a  low  center  is  dev 
oped  between  them.  A  similar  case  occurred  in  No.  6  betwe 
Sept  11th  and  12th.  In  No.  20  the  observations  do  not  im 
cate  any  decided  low  center  on  the  north  or  west,  yet  t 
pressure  was  every  where  either  below  or  but  little  above  t 
normal  over  the  North  Atlantic  Ocean  and  North  America. 

Thus  we  see  that  in  Europe  and  over  the  Atlantic  Ocean 
well  as  in  the  United  States,  the  influence  of  one  area  of  L 
pressure  upon  another  is  a  very  common  cause  of  abnorn 
movements  of  storm  centers. 

In  preparing  the  materials  for  this  article  I  have  been 
sisted  by  Mr.  Henry  A.  Hazen,  a  graduate  of  Dartmouth  C 
lege  of  the  class  of  1871. 

Note. — Since  the  preceding  was  in  type,  I  have  receiv 
HofFmeyer's  charts  for  November,  1876,  from  which  it  appei 
that  on  the  12lh  of  November,  1876,  there  was  an  area  of  1( 
pressure  (730  to  725)  west  of  Ireland ;  and  the  apparent  we 
ward  movement  of  No.  9  on  page  18  was  plainly  due  to  t 
influence  of  this  low  center.  I  have  also  received  the  Int 
national  Bulletin  for  October,  1880,  from  which  it  appears  tl 
on  February  16th  there  was  a  low  center  (28*40)  west  of  I 
land,  and  the  apparent  westward  movement  of  No.  21  on  pa 
18  was  plainly  due  to  the  influence  of  this  low  center. 
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Art.  IL — The  Albany  Granite,  New  Hampshire,  and  its  Con- 
tact Phenomena  ;  by  George  W.  Hawes,  New  Haven. 

In  the  stadies  that  have  been  directed  to  the  end  of  discov- 
ering the  nature  and  origin  of  our  great  granitic  masses,  the 
contact  phenomena  have  received  but  little  attention.  The 
application  elsewhere  of  the  modern  methods  of  lithological 
research  to  the  rocks  upon  the  limits  of  granitic  masses  has, 
however,  been  fruitful  in  developing  facts  of  geological  inter- 
est The  study  which  I  present  indicates  that  no  more  striking 
phenomena  have  been  observed  anywhere  than  those  which 
are  found  upon  the  boundaries  of  one  of  the  New  Hampshire 
granitic  masses.  These  phenomena  have  additional  interest 
since  they  occur  in  a  region  of  highly  crystalline  schists,  which 
usually  are  not  susceptible  to  influences  of  this  nature.  In 
theVosges,  for  example,  the  granites,  which  have  produced 
Uie  most  marked  and  wide-reaching  eflFects  upon  clay  slates, 
have  had  no  influence  upon  the  crystalline  schists  which  they 
have  intersected.*  As  the  New  Hampshire  granite  here 
considered  exhibits  very  striking  modifications  in  character, 
dependent  upon  the  neighborhood  of  the  contact,  and  as  a 
spot  was  found  where  the  arrangement  of  the  rocks  is  favor- 
aole  for  a  careful  consideration  of  the  effects  of  the  contact 
both  npon  the  schists  and  the  granite,  I  have  investigated 
these  rocks  with  a  view  of  presenting  this  study  as  a  contribu- 
tion to  White  Mountain  Geology. 

The  line  of  contact  between  the  Albany  granite  and  an  area 
of  aigillitic  mica  schist  crosses  Mt.  Willard  in  the  Crawford 
notch.  The  normal  rocks  with  their  contact  modifications  are 
familiar  to  many  of  our  geologists.  The  beauty  of  the  natural 
ncenery,  combined  with  the  geological  interest,  has  iattracted 
many  to  this  spot,  and  these  rocks  have  accordingly  had  fre- 
quent mention.  For  the  opinions  in  regard  to  the  nature  and 
origin  of  the  granites  at  this  point,  and  the  interpretation  of 
the  effects  that  are  due  to  the  contact,  I  refer  to  the  second 
volume  of  the  Report  on  the  Geology  of  New  Hampshire,  by 
Professor  C.  H.  Hitchcock.  As  the  relation  of  these  peculiar 
rocks  to  one  another,  and  the  nature  of  the  changes  that  they 
have  undergone,  can  however  be  discovered  only  by  chemical 
and  microscopical  study,  it  is  neither  necessary  nor  just  to 
submit  to  critical  consideration  the  opinions  formed  without 
the  aid  of  these  methods. 

The  general  arrangement  of  the  rocks  upon  Mt.  Willard  is 

*  H.  Rosenbusch,  AbbaDdlungen  zur  geologischen  Special  Karto  von  Elsass- 
Lothringen,  Bd.  I,  Hefl  II,  p.  89. 
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shown  in  iig.  1.*  Although  but  a  small  mountaia  seve: 
the  most  characteristic  New  Hampshire  granites  take  pi 
its  compositioD.  In  this  ] 
it  is  proposed  to  confine 
attention  to  the  Albany 
ite,f  which  forms  an  imn 
mass  covering  many  sf 
miles  to  the  west,  but  v 
crosses  Ml.  Willard  in  the 
of  a  dike  about  three  bur 
feet  wide.  '.The  Conway 
ite,  a  coarse-grained  b 
granite,  forms  the  hanging 
and  argillilic  mica  schists 
the  foot  wall  of  this  dike. 
Willard  presents  a  bold 
nearly  a  thousand  feet 
toward  the  south,  and  the 
tact  lines  of  these  three  i 
run  diagonally  across  this 
exposing  themselves  most  favorably  for  ^tudy  and  observe 
We  have  here  then  a  small  and  narrow  granitic  mass  whi 
connected  with  a  great  mass,  and  this  forms  in  a  modified 
a  parallel  to  the  celebrated  '"Bodegang,"  which  is  a  : 
narrow  dike  that  connects  the  Ramberg  and  Brocken, 
granite  mountains  in  the  Harz,  the  phenomena  connected 
which  have  been  described  by  Lossen.J 

The  Albany  granite  is  a  very  distinctly  and  definitely 
acterized  rock.  It  is  called  by  Jlitchcock  the  spotte 
trachytic  granite.g  In  all  its  areas  it  has  the  same  pec 
*  This  map  is  eraentinllj  a  reproductinii  from  ihe  large  geological  map  □< 
Hampshire,  prepared  by  Professor  C  H.  Hitchcock,  and  rornimit  a  part 
atlHB  accompanying  his  geolopicsl  report  Under  hia  direction  tho  area  ii 
"  breccia  Kraaite"  liaa  been  added.  Thia  la  a  distinct  granite  mass  whic'i  in 
in  eorlain  portions  innnensa  blcwke  of  gneiss.  Such  inclusiona  occur  i 
granite  elsewhere  in  New  HoinpHliire.  and  are  also  known  abroad.  Tha  1 
on  page  225  in  vol,  i  of  Naumaan's  Geognosi?,  drawo  from  a  cliff  on  the  1 
in  NoTwav,  might  just  as  well  have  been  drawn  from  a  cliff  in  the  Crawford 
It  is  to  the  granite  which  ladudet  these  fragraents  that  Professor  Hitchcm 
giTen  the  title  of  breccia  granite.  Upon  his  geological  map  he  has  coosider 
Albany  end  the  Conway  granitea  as  eruptive,  and  the  Concord  as  metiim* 
In  this  paper  I  deal  simply  with  the  Albany  graoite,  nod  introduce  this  I 
show  the  relationship  in  which  iho  schista  and  this  granite  ataad  with  refi 
to  one  another,  and  especially  the  form  of  the  area  occiipied  by  the  i 
granite.  If  c>ntact  phenomena  take  precedeuce  over  details  of  internal  Htn 
the  origin  of  all  the  otber  graoitea  iocludiug  the  Concord  granite  and  the 

t  Bo  named  by  Professor  Hitchcock  on  account  of  its  eitenaive  developm 
Albany,  N.  H. 

t  Zeitschr.  d.  d.  (!eot,  Gea„  1874,  p.  856. 

%  For  distribution  of  this  granite  aee  Uitohcoclc's  QeoL  New  Elampshira,  ' 
p.  143. 
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ippearance  due  to  the  development  of  Carlsbad  twins  of  ortho- 
iiase  with  rounded  contours,  in  a  gray  fine-granular  aggregate 
)f  granitic  minerals,  which  are  said  to  form  a  mixture  resemb- 
ling pepper  and  salt.  Whether  red  or  white,  it  is  equally  char- 
acteristic in  appearance,  and  from  its  extensive  development  it 
is  to  be  considered  as  one  of  the  important  granitic  masses  of 
New  England. 

Nor  in  its  microscopic  characters  is  this  granite  less  charac- 
teristic.    Its  twin  crystals  of  feldspar  in  polarized  light  are 
seen  to  have  the  peculiar  structure  of  perthite,  and  consist  of 
interlaminated  orthoclase  and  albite.*     Individual  grains  of  a 
triclinic  feldspar  are  often  seen.     The  quartz  is  in  formless 
grains  and  possesses  the  usual  fiuidal  inclusions,  and  the  posi- 
tion in  angular  corners  due  to  the  order  of  crystallization.    The 
cbief  accessory  is  hornblende  which  is  black  in  the  rock,  but 
green,  yellow,  dichroic,  in  thin  sections,  and  peculiarly  impure 
from  the  enclosure  of  quartz  grains.     Biotite,  magnetite  and 
apatite  are  constant,  augite  and  fluor  spar  are  frequent,  con- 
stituents. 

Bat  what  gives  to  this  rock  a  very  marked  microscopic 
individuality  is  the  uniform  presence  in  it  of  well-crystallized 
square  prisms  of  zircon.  Of  the  many  sections  that  have  been 
cut,  not  one  has  been  found  free  from  these  pretty  crystals. 
They  are  large  enough  to  be  examined  optically  under  the 
microscope,  and  are  easily  recognized  by  their  tetragonal 
crjstallization,  their  high  index  of  refraction.  Their  uniaxial 
and  positive  character  can  be  easily  determined  in  convergent 
light.  Out  of  twenty-five  grams  of  the  rock  from  Mt 
Willard,  I  separated  several  hundred  of  these  crystals,  by 
means  of  hydrofluoric  acid.  They  are  white,  clear  and 
glassy,  but  are  sometimes  tinged  with  yellow.  They  are  often 
1^  mm.  in  diameter  and  -^  mm.  long.  Their  surfaces  are 
bright,  but  cavities  often  penetrate  far  into  their  interiors. 
They  are  doubly  terminated,  and  in  addition  to  the  planes  of 
the  prism  and  pyramid  of  the  first  order,  they  frequently  have 
the  planes  of  a  ditetragonal  pyramid  which  is  probably  the 
form  3-3.  They  contain  many  inclusions.  Some  of  these  are 
the  inverted  forms  of  zircon  crystals,  some  are  zircons  with 
different  terminal  faces,  and  some  are  empty  cavities  with  very 
irregular  forms. 

In  the  middle  of  the  arm  of  Albany  granite  which  extends 
across  the  summit  of  Mt  Willard,  the  rock  is  of  this  normal 
character,  but  both  to  the  right  and  the  left  differences  are  evi- 

♦  Secti'»n8  parallel  to  the  base  hardly  show  these  interlaininntions  owing  to  the 
approadi  io  the  elasticity  planes  of  the  two  species.  Sections  parallel  to  the 
disc  pinacoid  possess  an  elasticity  plane  making  an  angle  of  6"  with  the  basal 
desTage,  and  in  the  interlaminations  an  elasticity  plane  makes  an  angle  of  17"  in 
the  8une  direction,  with  the  basal  cleavage. 
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dent  These  differences  are  of  the  same  character  upon  botl 
sides,  bat  they  are  very  much  more  marked  upon  the  sideo 
the  schist  At  a  distance  of  100  feet  from  the  contact,  thi 
crystals  that  form  the  granite  have  become  smaller  with  the  ex 
ception  of  the  large  feldspar  crystals,  which  are  in  consequence 
more  conspicuous.  At  a  distance  of  sixty  feet  a  tendency  in 
the  quartz  to  assume  crystalline  forms  is  noticed,  and  the  rock 
begins  to  appear  porphyritic.  At  fifteen  feet  from  the  contact 
with  the  schists,  the  quartz  is  found  in  well-defined  dihex- 
agonal  pyramids,  as  large  as  peas,  and  these  with  the  Carlsbad 
twins  of  orthoclase  are  imbedded  in  a  ground  mass  no  longer 
resolvable  by  the  unaided  eye  or  lens.  Upon  the  contact  the 
ground  mass  is  nearly  black  in  color,  flinty  in  texture,  and 
apparently  homogeneous.  The  Albany  granite  has  become  a 
quartz  porphyry.* 

The  accompanying  microscopic  changes  are  as  striking. 
Approaching  the  contact  there  is  a  continual  diminution  in 
the  amount  of  the  hornblende  and  the  size  of  its  crystals 
There  is  a  corresponding  increase  in  the  amount  of  the  biotite 
which  finally  entirely  replaces  the  hornblende.  These  biotiti 
crystals  are  at  first  quite  large,  but  they  diminish  rapidly  it 
size  near  the  contact,  and  upon  the  contact  are  reduced  to  i 
dust  The  ground-mass  which  makes  its  appearance  betweei 
the  quartz  and  orthoclase  crystals,  grows  finer,  but  upon  th« 
contact  though  of  extreme  fineness,  it  is  still  entirely  crystal 
line.  In  this  ground-mass  all  the  minerals  of  the  granite  fount 
in  specimens  distant  from  the  contact  are  recognizable,  bu 
near  the  contact  no  individual  crystals  can  be  determined. 

In  this  series  of  changes  all  the  minerals  have  taken  pai 
with  two  exceptions.  The  Carlsbad  orthoclase  twin  crystal 
and  the  zircon  crystals  have  the  same  shape  and  size  in  a] 
parts  of  the  rock.  That  is,  with  these  exceptions  the  condi 
tion  or  existence  of  the  mineral  components  depends  upoi 
position  with  reference  to  the  contact 

These  modifications,  which  are  repeated  in  a  less  conspicu- 
ous manner'  upon  approaching  the  contact  with  the  granite 
upon  the  opposite  side  of  the  mass,  are  such  as  might  be  in- 
duced in  a  molten  eruptive  mass,  which,  like  modern  lavas, 
contained  some  crystals  already  formed  at  the  time  of  eruptioD 
by  the  effect  of  contact  with  cold  walls,  the  hydrous  nature  oi 

*  The  Bodegang  proviously  referred  to  is  filled  with  quartz  porphyry  whid 
however  has  a  coarser  ground  mass  in  the  center. 

In  the  Vos^res  the  granites  \ihich  have  altered  the  slates  are  upon  their  aid 
usually  unaffected.  At  one  spot  however  in  the  Weihermatteuthal  \he  granit 
became  porphyritic  upon  the  contact.  Rosenbnsch,  Die  Steiger  Schiefer  und  ihi 
Contactzone  an  den  Graniiiten  von  Bnrr-a\idlan  und  Hohwald,  p.  166. 

In  the  Pyrenees  near  Case  de  I^rousctte  a  contact  occurs  between  clay  slate  an 
a  porphyry  which  farther  south  gradually  changes  into  granite.  Zirkel,  Zeitsch 
d.  d.  Geol.  Ges.,  1867,  p.  106. 
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one  and  the  anhydrous  nature  of  the  other  being  factors  modi- 
fying the  extent  of  the  effect 

Any  chemical  changes  that  may  be  connected  with  these 
modifications  are  represented  in  the  following  table  of  analyses. 

Normal  Albany  Granite  Porphyry  Granite  Porphyry 

Granite.  8  ft.  from  contact.  3  In.  from  contact. 

SiO,  72-26  7309  7107 

A1,0,  13-59  12-76  12-34 

Fe,0,  116  107  2-26 

FeO  218  4-28  492 

MnO  ir,  08  <r. 

GaO  1-13  -30  -56 

MgO  06  09  19 

K,0  6-58  5-10  5-53 

Na«0  3*85  316  284 

TiO,  -45  -40  -27 

H,0  -47  -73  -72 


100-73  101-06  100-68 

Sp-Gr.  2-65  2*66  268 

Of  the  differences  here  shown  some  fall  within  the  evident 
errors  of  the  analyses ;  and  so  many  of  the  others  can  be 
referred  to  differences  introduced  in  sampling  such  coarse- 
grained compounds,  that  I  do  not  think  that  any  changes  can 
be  definitely  referred  to  the  effect  of  contact,  unless  it  be  the 
accession  of  iron,  and  the  slight  hydration.  If  we  assume  that 
DO  chemical  change  has  taken  place,  and  that  the  first  analysis 
represents  the  whole,  a  calculation  shows  that  it  may  contain : 

Quarts.   Orthoclaae.    Albite.     Anorthlte.  Hornblende.  Blotite.  Magnetite.  Titanic  Iron. 
2699       32-96         3261  ]-35  483  ...  168  -86 

Or,  26-79       3076         31*01  5-66  ...  544  ...  -86 

The  biotite  has  the  composition  (K,Na)a(Fe,Mg)^AlSi^ 
0„(=  one  molecule  K  and  one  M  of  Tschermak)  and  the 
hornblende  will  be  ll(RSi03)+Ala03.  This  calculation  can 
not  claim  to  be  accurate  since  there  are  no  data  for  dividing 
the  lime  between  the  anorthite  (which  is  supposed  to  be  com- 
bined with  some  of  the  albite  to  make  a  triclinic  feldspar)  and 
the  hornblende.  It  is  introduced  to  show  that  the  results  of 
the  chemical  investigation  do  not  at  all  contradict  the  micro- 
scopic results,  since  a  recrystallization  and  a  rearrangement  in 
the  proportions  between  the  feldspars,  furnishes  all  the  material 
necessary  to  convert  the  hornblende  into  biotite. 

The  schists  that  occupy  the  area  indicated  upon  the  map, 
form  portions  of  Mts.  Tom,  Field,  Willey  and  Willard,  elevations 
in  the  vicinity  of  the  White  Mountain  Notch.  Their  age  is  un- 
known. Their  reference  to  the  Silurian  on  account  of  a  sup- 
posed fossiliferous  character  being  based  upon  an  error,  it  is  only 
certain  that  they  are  older  than  both  the  Albany  and  the  Conway 
granites,  both  of  wMch  intersect  them.     In  composition  they 
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are  not"  at  all  constant,  but  the  prevailing  variety  is  a  dark 
compact  argillitic  mica  schist  with  andalusite  crystals  scattered 
through  parts  of  it  Upon  the  summit  of  Mt  Willard  they 
appear  to  be  very  uniform  over  a  large  area,  and  for  this  reason 
the  specimens  for  chemical  study  were  taken  from  this  spot 

The  schists  at  the  summit  have  a  strike  very  nearly  north 
and  south,  and  they  dip  60°  to  the  west*  The  line  of  con- 
tact with  the  granite  runs  in  an  irregular  northwest  direction. 
At  a  distance  of  100  feet  from  this  contact,  with  the  exception 
of  the  rather  rare  andalusite  crystals,  no  minerals  are  visible 
in  this  schist  to  the  unaided  eye,  unless  the  glistening  surface 
be  considered  as  an  indication  of  mica.  Under  the  microscope 
it  is  seen  to  consist  of  quartz,  muscovitc  (probably  the  variety 
containing  combined  water),  and  chlorite.  Titanic  iron  par- 
tially decomposed  into  leucoxene,  some  magnetic  iron  which 
can  be  drawn  from  the  powder  with  a  magnet,  and  particles 
resembling  cojil  or  graphite,  constitute  opaque  black  inere- 
dients.  A  little  biotite  and  a  very  few  crystals  of  tourmaline, 
recognized  by  form  and  the  direction  of  strong  absorption,  are 
accessory  constituents.  No  marked  change  is  visible  in  the  rock 
at  a  distance  of  fifty  feet  from  the  contact,  but  nearer  than  this 
point  the  effect  of  the  contact  becomes  very  soon  evident  As 
the  specimens  described  and  analyzed  were  all,  with  the  excep- 
tion of  the  normal  schist  at  100  feet,  taken  from  the  same 
stratum,  I  think  that  all  the  differences  noted  may  be  with 
certainty  regarded  as  due  to  the  effect  of  contact 

Twenty-five  feet  from  the  contact  the  schists  are  much 
changed  in  microscopic  structure.  They  are  more  definitely  and 
coarsely  crystalline ;  biotite  becomes  a  more  prominent  con- 
stituent, and  tourmaline  crystals,  blue  within  and  brown  with- 
out, have  become  a  prominent  constituent 

Between  this  point  and  the  contact  the  changes  apparent  to 
the  eye  are  marked  and  rapid.  At  fifteen  feet,  the  rocks  are 
still  schistose,  but  they  are  hard,  much  fractured,  and  full  of 
shining  dots  that  indicate  a  new  crystallization.  At  this  point 
the  rock  is  a  mica  schist  Under  the  microscope,  a  decrease  in 
the  amount  of  chlorite  and  an  increase  of  biotite  are  noted,  also 
the  presence  of  many  tourmalines  and  of  large  clear  quartz 
grains  with  fluidal  enclosures.  The  titanic  iron  is  entirely 
altered  into  a  dull  white  opaque  substance.f  Between  this 
point  and   the  contact  the  schist  loses  entirely  its  schistose 

«  strike  of  alate  12-22  W.,  strike  of  contact  N.  77  W.  Hitchcock's  Geology  of 
New  ElampHhire,  vol.  ii,  p.  177. 

f  r  can  not  regard  the  conclusion  of  Prof.  v.  Lasaulx  that  this  substanoe  is 
titanite  of  lime,  titanoniorphito,  as  certainly  correct  in  all  cases,  for  in  rocks 
like  this  that  are  nearly  free  from  lime  the  same  decomposition  takes  place.  In 
this  case  there  is  not  enough  lime  in  the  whole  rock  to  make  litanomorphite  with 
the  titanic  acid.  ^ 


and  its  Contact  Phenomena. 


27 


,  and  18  converted  into  a  black  hornstone,  which 
Dto  small  angular  fragments.  The  little  bright 
le  grains  of  quartz  increase  in  quantitj,  and  the  tour- 
)ecoiDe  much  more  numerous.  From  the  schists  ten 
1  the  contact  a  qualitative  reaction  for  boric  acid  can 
ned.  The  rock,  which  thus  far  has  been  growing 
n  texture,  from  this  point  grows  gradnallj  finer,  and 
rted  near  the  contact  into  fiinty,  compact  hornstone, 
ions  of  which  are  resolved  by  the  microscope  into  an 
;  of  quartz,  biotite,  tourmaline,  and  iron  oxide. 

But  between  this  horn- 
stone  and  the  granite 
another  well  defined  zone 
esists.  This  is  a  dark- 
gray  mass  which  is  filled 
witD  reticulated  black 
veins.  Scarcely  notice- 
able on  the  top  of  the 
mountain,  this  zone  he- 
comes  wide  and  promi- 
nent below.  The  veins 
which  fill  this  mass  di- 
vide and  subdivide,  giv- 
ing to  the  whole  a  fused, 
slaggy  appearance.  CJn- 
der  the  microscope,  how- 
ever, this  mass  is  resolved 
into  a  nearly  pure  mix- 
ture of  tourmaline  and 
quartz.  While  in  the 
e  zone  last  described,  the  tourmalines  are  in  extremely 
irmless  grains,  here  they  are  in  more  or  less  well  defined 
and  possess  a  concentrically  banded  structure.  White, 
at  brown  and  dark  brown  layers  follow  one  another  in 
-  named.  Fig.  2  (x  100)  represents  a  section  possess- 
e  zones.     These  crystals  are  bounded  by  the  planes 

.  J  2,     This  mass  I  characterize  as  the  zone  of  the 

2 
ne   veinstone  to  distinguish   it  from  the  last,  or  the 
;he  tourmaline  hornstone.     There  is  reason  for  this  in 
imstance  that  the  impregnating  material  has  wholly 
he  character  of  the  schist. 

hemical  changes  that  have  taken  place,both  in  ulti- 
nposition  and  mineral  constituents,  are  indicated  in 
ffing  table  of  analyses : 
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TonrmallDe 

BchlBt 

Schlit 

Bctalst 

Homttone 

TonrmaliiK 

100  ft.  from 

50  ft.  from 

15  ft.  fh>m 

1  foot  from 

Yelnitone  oi 

contact. 

contact. 

contact. 

contact. 

eoDtact. 

SiO, 

61-67 

6336 

66-30 

67-88 

66-41 

A1,0, 

20-65 

19-69 

16-35 

14-67 

16-84 

Fe,0, 

2-02 

•72 

-95 

2-37 

1-97 

FeO 

4-28 

5-48 

5-77 

3-96 

5-50 

MnO 

-10 

•16 

tr. 

•11 

-12 

CaO 

-24 

ir. 

-24 

•30 

•37 

MgO 

1-27 

1-77 

1-63 

1-29 

171 

K,0 

4-71 

3  47 

3-40 

4-08 

•66 

Na,0 

•68 

1-12 

1-11 

3-64 

1-76 

TiO, 

1-10 

100 

1-28 

-93 

1-02 

B,0, 

«•  •  «  w 

a  *  *  « 

ir. 

•97 

2-96 

Fl 

~  *  »  * 

M  «  A  * 

M     W     *    M 

tr. 

-26 

H,0. 

4-09 

3-73 

302 

1-01 

1-31 

100-61 

100-49 

10005 

10120 

100-78 

Sp.  Gr. 

2-85 

2-84 

2-82 

274 

2-73 

Quartz 

36-87 

3917 

46-15 

60-82 

50-03 

Muscovite 
Biotite 

49-30 

44-53 

1 

43-89 

29-67 

.... 

Chlorite 

V-62 

iV-io 

6-66 



Titanic  iron 

2-09 

1-90 

2-43 

1*77 

1-94 

Magnetite 

2-93 

1-04 

1-38 

3-44 

2-86 

Tourmaline 

»  •  *  •. 

—  —  •  «• 

•  •  ~  • 

14-92 

45-95 

Excess  of  IlaO. 

•80 

-15 

-56 

•58 



100-61 


100-49 


10005 


101-20 


100-78 


In  these  analyses  a  systematic  and  progressive  series  ol 
changes  indicates  that  there  has  been  an  addition  to  theschisti 
by  reason  of  contact  with  the  granite.  The  dehydration,  ad 
the  accession  of  boric  and  silicic  acids  are  positive  features 
and  the  addition  of  alkali  directly  upon  the  contact,  in  con 
sideration  of  the  circumstance  that  the  second,  third  and  fourtt 
samples  were  taken  from  the  same  stratum,  may  be  regardec 
as  certain  also.  The  series  of  analyses  given  by  Professoi 
Rosenbusch  in  his  work  upon  the  contact  phenomena  in  th( 
Vosges*  prove,  in  his  opinion,  that,  whatever  may  have  beei 
the  physical  changes,  nothing  (except  in  one  case  a  little  born 
acid)  has  been  added  to  the  schists,  and  the  analytical  result 
obtained  by  others  from  contact  schists  lead  to  the  same  result 
The  kind  of  changes  indicated  by  my  analyses,  if  of  less  de 
gree,  are  of  the  same  kind  as  those  that  have  been  observe 
in  the  contact  of  granites  with  Jimestones,  as  for  example  ii 
the  Harz  where  the  limestones  about  the  Rambergf  have  thai 
COj,  replaced  by  SiOg,  forming  a  broad  zone  of  lime  silicate 
about  the  contact ;  and  on  the  contact  of  limestone  with  Mor 
zonitij:  at  Predazzo,  where  a  similar  lime-silicate  hornstone  zon 
is  found  to  be  rich  in  alkali  directly  upon  the  contact. 

*  Die  Steiper  Schiefcr  iind  ihre  Contactzone.    Strassburg,  1877,  p.  257. 

f  Lessen,  Zeitschr.  d.  d.  Geol.  Gesellscliaft,  xxiv,  p.  777. 

t  J.  Lemberg,  Zeitschr.  d.  d.  Geol.  Gesellschaft,  xxiv,  p.  234. 
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The  eflTect  of  the  contact  becomes  much  more  striking  when 
the  percentages  of  the  constituent  minerals  are  calculated  from 
the  analyses.     This  was  done  in  the  first  two  analyses  as  fol- 
lows.    The  titanium  dioxide  was  first  reckoned  into  titanic 
iron,  and  the  iron  sesquioxide  calculated  into  magnetite,  since 
the  magnet  attracts  black  particles  from  the  powder.     The 
remaining  iron  protoxide,  with  the  manganese  oxide,  and  the 
magnesia  were  then  calculated  into  a  chlorite  of  the  formula  of 
ripidolite  (Mg, AlaSijO,  4  -f  4H3O).     Then  if  the  remainder  of 
the  alumina  is  calculated  into  muscovite  (K,H)aAlaSi3  0,), 
nothing  at  all  is  left  save  the  small  percentages  of  water  indi- 
cated in  the  table,  which  are  not  much  more  than  what  may 
be  supposed  to  be  hygroscopic,  or   included.     In  the  third 
analysis,  the  protoxides  before  calculated  as  belonging  wholly 
to  chlorite  have  been  divided  equally  between  chlorite  and 
biotite.  in  accordance  with  the  microscopic  indication.     The 
tourmaline  hornstone  is  a  nearly  pure  mixture  of  tourmaline 
and  quartz,  as  shown  by  the  microscope,  hence  in   the  last 
analysis,  after  calculating  the  amount  of  titanic  iron  and  mag- 
netite, the  remaining  bases  were  calculated  as  forming  a  tour- 

(mft«Si0» 

maline  of  the  formula  <  n  S,Si06.    In  accordance  with  this  the 

I  r  fi  SiOft 

composition  of  the  tourmaline  is  as  follows  : 

SO,    Al.Os     FeO     MnO    CaO     MgO    KaO    NaaO    HaO    B,0«      Fl 

35-65     36-66      8*03       -26       '79      372      1-22      383      2*85      6*45       '54  =  100 

The  fourth  analysis  can  now  be  calculated  like  the  third,  after 
deducting  the  percentage  of  tourmaline  calculated  from  the 
boron  trioxida  If  biotite  is  considered  as  a  combination  of 
the  muscovite  molecule  (K,H)3AlSi303  with  the  molecule 
Mg,Si,0,  (according  to  Tschermak)  we  have  the  data  only 
for  obtaining  the  sum  of  the  muscovite  and  biotite,  but  not 
the  amount  of  each.  If  the  data  of  these  calculations  are  not 
absolutely  correct,  the  results  agree  well  with  the  microscopic 
observations,  and  the  table  I  think  indicates  clearly  both  the 
chemical  and  mineralogical  changes,  and  make  it  plain  that 
\    they  are  progressive  in  approaching  the  granite. 

Just  between  the  schist  and  granite,  upon  the  summit  of  the 
mountain,  a  very  insignificant  zone  exists  which  consists  of 
granite  in  which  numerous  fragments  of  a  variety  of  rocks  are 
included.  This  zone,  scarcely  noticeable  upon  the  summit, 
becomes  larger  and  better  defined  as  one  descends  the  cliff, 
and  I  shall  show  what  a  weighty  part  this  little  zone,  here  but 
a  foot  or  two  wide,  plays  elsewhere.  This  zone  I  call  the 
mixed  zone.  At  a  short  distance  below  the  summit  it  becomes 
a  very  sharply  defined  band  three  feet  wide,  and  consists  of 
fragments  of  various  kinds  of  schist,  and  angular  fragments  of 
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a  foreign  variety  of  quartz  porphyry,  and  all  are  cemented 
blether  with  the  granitic  material.  The  feldspar  cryBtala  in 
this  granite  are  all  broken  to  fragments, *  and  the  whole  maw 
is  impregnated  with  tourmaline,  but  the  constituent  minenU 
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are  all  easily  recognized.  Fig.  8  illustrates  the  appearance  of 
the  contact,  as  seen  upon  the  cliff  at  an  easily  accessible  point, 
about  150  feet  below  the  summit.  The  different  zones  thati 
have  deacribcd  are  here  all  sharply  defined.  To  recapitulate, 
these  zones  are  as  follows  : 

ZoDO  of  the  argQlttic  mioa  Bchist  (cbloritic). 
Zone  of  tlie  mica  gchist  (biolitic). 
Zone  or  the  taunnBllDe  bomBtoue. 
Zone  of  Lhe  tourmaliDe  TGinntoiie 
JCoiie  of  tlie  mixed  schisUi  aod  granite. 
Zone  of  ilie  granite  porphyry  (biolitic). 
Zone  of  (be  granite  (hombleadicj. 

It  will  thus  be  seen  that  the  succeifsion  of  zones  is  dilferent 
from  those  that  have  been  described  about  other  granitio 
masses,  but  that  the  effects  observed  are  of  the  same  nature 
and  referable  to  the  same  causes.f 

Following  the  line  of  contact  down  the  clifiF,  the  phenomena 
of  the  contact  ever  become  more  extensive  and  remarkable. 
At  a  point  just  above  the  spot  figured,  a  long  arm  of  the 
porphyritic  granite,  from   two  to  three  feet  wide  and  eight;   ■ 
feet  long,  extends  into  the  schist  at  nearly  a  right  angle  to  ita  \ 

•  The  crystals  of  orthoolase  found  in  the  amall  braoches  of  graaitic  maHM  ] 
wliere  tbey  would  he  subjected  to  friction  have  been  often  found  broken.    lo  Um 
Fiehtelgobirtce  and  Klbu  for  ei]iniple.    Credner  Geologie.  p.  285. 

f  Die  zones  in  the  Vo^es  as  described  by  Rosenbusoh  are 

1.  Clay  slate. 

2.  Knotty  clay  slate. 
^.  Knotty  mica  acliist. 

i.  Homstoue,  usually  Andalusite  horastone. 
The  knotty  characlcr  is  hero  entirely  absent 
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This  arm  is  shown  in  fig.  4.  The  impregnation 
of  the  schists  with  tourmaline 
has  been  much  more  effectual 
below  than  upon  the  summit 
Two  hundred  feet  below  the 
summit  the  schistsdiaiant  100 
feet  from  the  contact  contain 
as  many  tourmalines  aa  at 
fifteen  feet  from  the  contact 
upon  the  top  The  mixed 
zone  steadily  increases  in 
width  as  It  descends  and  at 
"„.'3  t^'^S'Z  -te  ba»  of  the  huge  d,BF  ,t 
ale  T5  feet  to  otie  inch    IS    more    than    twenty    feet 

wida 
be  main  features  of  thia  remarkable  contact.  I  think 
at  the  Albany  granite  is  an  eruptive'  ma^^s  yonnger 
nway  granite,  and  younger  than  the  andalusite 
:liat  the  main  portion  of  its  mass  had  not  crystal- 
time  of  eruption.  The  inclusion  of  such  varied 
^he  mixed  zone  indicates  that  it  moved  no  incon- 
tance  through  fissures  in  very  diverse  rocks.  The 
iregnation  indicates  that  it  was  accomplished  by 
olotions  that  emanated  from  the  fissures  filled  by 
but  the  impregnation  of  schists  embedded  in  the 
the  impregnation  of  the  schists  attendant  with  a 
of  the  same,  indicates  the  action  of  very  hot 
h  accompanied  the  eruption  ;  not  the  action  of 
quently  emanated  through  the  cleft* 
of  division  forming  the  contact  is  microscopically 
;hi3  line  the  minerals  of  schist  or  granite  do  not 
in  the  form  of  inclusions.  There  is  therefore  no 
between  the  schist  and  the  granite, 
ills  are  of  importance  in  Wnite  Mountain  geology 
tcts  are  often  repeated.  All  about  this  area,  and 
if  Albany  granite  as  far  as  observed,  the  effects  of 
are  found  upon  the  edges  of  the  granite.  At 
c  the  same  apparent  effects  are  see«i  on  the  side  of 
but  the  schists,  which  are  hard  siliceous  mica 
not  been  affected.  The  porphyry  which  at  this 
■es  aiidaliiaita  is  tlie  mineral  diarocleristio  o(  tlie  cxintai't.  and  the 
been  raided  wliellior  andnkinite  ever  ocoura  anve  sb  a  contact 
I  been  ciinHidcrod,  Tlie  apparently  syRtemless  roetlioil  of  dlalri. 
s[te  (Tjatnla  over  tlic  wliole  area  ^■ves  no  bapis  tor  referring  these 
to  the  effect  of  contaet. 

1  the  quartx  of  ilie  gmiiile  contain  most  variable  amoimts  of  fluid. 
id  some  are  etiipty.  Tlie  calculation  of  Icmpvratureu  and  pren- 
ured  Ri7*  of  bubble  and  cavity  can  be  of  little  value  wbcn,  an  is 
er  UDknonu  ((uantitiea   bvside   those   coniiuonly  coniddered  are 
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spot  adjoins  the  schist  has  the  granophyre*  structure.  This 
structure  may  therefore  be  induced  as  a  contact  phenomenon. 

Ascending  Mt  Kearsarge  by  the  bridle  path  from  the 
Intervale  station,  the  base  of  the  mountain  is  seen  to  be 
composed  of  Conway  granitcf  At  a  height  of  500  feet  one 
finds  the  peculiar  gray  porphyry  with  Carlsbad  twins  of 
orthoclase  and  dihexagonal  pyramids  of  quartz,  as  on  Mt. 
Willard,  and  which  we  recognize  as  the  zone  of  the  quartz 
porphyry,  which  gradually  changes  and  finally  becomes  typical 
Albany  granite.  Here  again  we  see  that  the  Conway 
granite  was  a  cool  body  influencing  the  crystallization  of 
a  later  eruption.  After  climbing  for  a  short  while  over 
the  Albany  granite,  the  zone  of  porphyry  again  appears  ;  then 
follows  in  proper  sequence  the  mixed  zone,  but  this  zone 
which  upon  Mt.  Willard  attains  to  a  width  of  twenty  feet,  here 
forms  the  whole  grand  mass  of  Kearsarge,  Bartlett  and  Moat 
Mountains.  These  mountains  from  base  to  summit  consist  of 
angular  pieces  of  schists  intermingled  with  and  cemented  by 
granite  porphyry.  The  schists  have  been  modified  by  the 
contact  out  to  a  less  degree,  since  there  has  been  here  no 
impregnation  with  tourmaline.  The  mixed  mass  adjacent  to 
the  schists  consists  of  a  very  large  amount  of  broken  schist, 
cemented  by  a  small  amount  of  the  granite,  which  has  been 
accordingly  much  modified  by  the  eflect  of  the  schist,  and  has 
a  ground  mass  very  fine  in  texture,  and  homogeneous  and 
flinty  in  appearance.  Above,  where  there  is  a  smaller  propor- 
tion of  schist  in  the  porphyry,  this  ground-mass  becomes  more 
coarsely  crystalline,  and  approaches  granite  in  texture.  The 
microscopic  peculiarities  however  remain  constant  and  the 
large  zircon  crystals  never  fail. 

I  have  endeavored  to  show  that  the  contact  phenomena  con- 
nected with  the  Albany  granite  are  very  beautifully  developed 
upon  a  small  scale,  affording  thus  exceptional  facilities  for 
study  and  observation  ;  but  that  on  the  other  hand  they  reach 
an  unequalled  grandeur  of  proportion.  The  evidence  previ- 
ously offered  by  others  has  not  been  decisive  in  determining 
the  eruptive  or  metamorphic  origin  of  this  rock,  and  I  point  to 
the  fact  that  mafty  other  important  granitic  masses  haye  been 
referred  to  the  one  or  the  other  of  these  groups  upon  the  same 
insufiicient  evidences  of  structure  and  internal  stratification. 
From  observations  incidental  to  this  work  I  am,  however,  quite 
certain  that  the  study  of  the  contact  phenomena  of  the  other 
great  granitic  masses  in  New  Hampshire  would  develop  as 
many  interesting  lithological  facts,  and  furnish  the  proper 
evidence  for  a  determination  of  their  origin. 

*  Used  in  tho  sense  of  Rosenbusch.    That  is,  the  quartz  and  feldspar  of  the 
ground  mass  are  arranged  with  reference  to  one  another,  as  in  graphic  g^nite. 
f  See  also  Atlas  to  the  Report  on  New  Hampshire  Geology,  Hitdicock. 
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Abt.  IIL — A  Theory  of  the  Constitution  of  the  Sun^  founded  upon 
Spectroscopic   OBset^ations,  original  and  other;  by  Charles 

S.  Hastings. 

Fraunhofer  discovered  the  lines  in  the  solar  spectrum, 
known  by  his  name,  in  1814.  Many  efforts  to  determine  their 
origin  followed.  One  of  the  most  ingenious  and  carefully 
considered  was  that  of  Professor  Forbes  in  1836.*  He  con- 
daded  that,  if  their  origin  is  in  the  solar  atmosphere,  the  light 
from  the  limb  must  exhibit  stronger  lines  than  that  from  the 
center.  His  method  was  to  examine  the  spectrum  before  and 
daring  an  annular  eclipse ;  as  he  found  no  recognizable  change, 
his  deduction  was,  "  that  the  sun's  atmosphere  has  nothing  to 
do  with  the  production  of  this  singular  phenomenon." 

The  point  was  again  touched  upon  by  Sir  David  Brewster 
and  Dr.  Gladstone  in  a  joint  study  of  the  spectral  lines,  pub- 
lished in  1860.t  Here  **  each  of  the  authors  came  independ- 
ently to  the  conclusion  that  there  is  no  perceptible  difiference 
in  this  respect  between  the  light  from  the  edge  and  that  from 
the  center  of  the  solar  disk." 

In  1867  Angstrom:}:  repeated  the  experiment  with  negative 
lesnlts.  Lockyer's  |  efforts  also,  in  1869,  were  attended  with 
DO  better  results. 

In  1873,  four  years  later,  I  devised  and  made  an  apparatus 
by  which  a  perfect  juxtaposition  of  the  spectra  of  the  center 
and  limb  was  secured.  This  apparatus  and  certain  of  the  re- 
sults gained  by  its  use  were  described  in  a  note  *'  On  a  com- 
parison of  the  Spectra  of  the  limb  and  the  center  of  the  Sun," 
published  in  this  Journal,  vol.  v  (1873),  pp.  369-371.  I  was 
tbeD  a  student  at  Yale  College  and  soon  after  left  New  Haven, 
when  the  research  was  necessarily  interrupted.  I  hoped,  how- 
ever, that  the  novelty  and  interest  of  the  observations  might 
lead  others,  possessed  of  the  necessary  apparatus,  to  develop 
the  results  of  this  method  of  investigation.  But  as  notliing 
has  been  published  on  this  subject  since  that  time,  I  was  glad 
to  have  an  opportunity  to  continue  the  investigation  in  the 
sommers  of  1879  and  1880.  The  results  of  my  labor  are  em- 
bodied in  this  paper. 

The  method  adopted  in  the  recent  observations  is  exactly 
the  same  as  that  described  in  the  article  cited  ;  instead,  how- 
ever, of  the  equatorial  of  the  Sheffield  Scientific  School,  I 
used  a  Clark  equatorial  of  94  in.  aperture  and  120  in.  focal 

•Notefl  relative  to  the  supposed  Origin  of  the  DeGcient  Rays  in  the  Solar  Spec- 
front    Phil.  Trans.,  18*6.  pp.  453-456. 
♦  On  the  Lines  of  the  Solar  Spectrum.     Phil.  Trans.,  18G0,  pp.  149-161. 
{PhiL  Mag.,  1867,  p.  76.  I  Proc.  R.  S.,  vol.  xvii,  p.  350. 

Am.  Jock.  Soi.— Third  Sbribb,  Vol.  XXI,  No.  121.— Jan.,  1881. 
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length,  which  was  kindly  placed  at  my  disposal  by  the  gentle- 
men in  Hartford,  to  whom  it  belongs.*  The  New  Haven 
spectroscope  too,  of  12  eflfective  prisms,  was  replaced  by  one  of 
which  the  dispersing  member  was  a  Rutherfurd  grating  on 
speculum  metal,  either  of  8648  or  17296  lines  to  the  inch  at 
will.  These  gratings  were  of  the  largest  size,  having  a  ruled 
surface  of  about  If  inches  square. 

The  immediate  results  I  give  in  order  of  refrangibility  of 
the  lines  observed,  as  no  observed  variatiobs  in  them  can  be 
attributed  to  anything  other  than  the  temporary  modifications 
of  transparency  in  our  atmosphere.  The  numbers  are  the 
places  on  Angstrom's  maps  as  nearly  as  could  be  ascertained 
without  micrometer. 

Line  (C)  6561*8  is  cleaner  and  wider  at  limb,  i  e.  the  haze  on 
either  side  of  the  line  as  ordinarily  seen  is  much  reduced. 

6431  is  slightly  stronger  at  center  than  at  limb. 

6371  is  visible  at  center  but  not  at  limb. 

CD^)  5894-8  slightly  less  hazy  at  limb. 

(D  )  5889-0  decidedly  cleaner  at  limb. 

A  nne  line  very  close  to  its  more  refrangible  side  is  either  want- 
ing or  much  fainter  in  spectrum  of  limb. 

5577*5  is  much  stronger  at  limb. 

5440  ±  (not  on  AngstrOra's  chart)  is  a  little  stronger  at  limb. 

The  Mg  lines  51830,  5172-0,  5166*5  (b^  b^b^)  are  cleaner  at  limb. 
The  line  b^  belonging  to  a  different  element  does  not  show  such  a 
peculiarity. 

5045  (a  faint  line  not  in  A.)  is  stronger  at  limb. 

4919  -db,  a  faint  line  slightly  stronger  at  limb. 

(F)  4860*6  is  much  cleaner,  more  free  from  haze  at  limb. 

4702-3  seems  cleaner  at  limb. 

4340*0  cleaner  at  limb. 

4226*4  shows  less  haze  at  limb. 

4101*2  is  a  very  hazy  line,  so  represented  by  Angstr5m  ;  but  at 
limb  it  is  practically  free  from  haze — a  striking  difference. 

4045  is  slightly  less  hazy  at  limb. 

Other  differences  have  been  recorded,  but  only  these  have 
been  observed  more  than  once  each. 

Any  theory  of  the  sun,  worthy  of  attention,  must  not  only 
explain  the  above  described  phenomena,  but  also  others  better 
known,  and  as  yet  not  accounted  for  satisfactorilv.  Of  these 
the  most  noteworthy  is  the  spectroscopic  appearance  of  a  spot 
and  its  penumbra.  As. is  well  known,  such  a  spectrum  ex- 
hibits a  very  strong  general  absorption,  with  a  very  slightly 
modified  elective  absorption.  A  few  faint  lines  appear  in  the 
spot  spectrum  which  are  not  otherwise  seen  ;  and  a  few  faint 

*  My  acknowledgments  for  this  courtesy  are  gratefully  accorded  to  Mr.  Edge- 
comb  its  former  owner,  and  to  Mr.  Howard  and  Mr.  Chapin  its  present  owners. 
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1  of  the  ordinary  spectrum  are  strengthened.  A  careful 
ainaiion  has  persuaded  me  that  the  spectrum  of  a  spot 
rs  from  that  of  the  unbroken  photosphere,  just  as  the 
trum  of  the  limb  differs  from  that  of  the  center  of  the 
,  save  that  the  variations  are  more  pronounced.  Indeed,  I 
d  have  considerably  extended  the  list  of  lines  strengthened 
mb  by  an  examination  of  the  spot  spectrum,  ^here  the 
itions  appeal  to  the  eye  more  clearly, 
he  accepted  theory  of  the  spots  attributes  the  phenomenon 
be  absorption  of  the  solar  light  by  cooler,  denser  gases  of 
same  nature  as  those  producing  the  Fraunhofer  lines, 
liliar  experiments  teach,  however,  that  as  the  density  of  a 
increases,  the  change  in  the  character  of  its  radiation  is 
Nu  in  its  spectrum  by  the  broadening  of  its  distinctive 
jtral  lines,  which  at  the  same  time  grow  more  ill  defined, 
refore  it  follows  that,  according  to  the  law  connecting 
ation  and  absorption,  dark  lines  produced  by  such  a  gas 
a  also,   under  similar  conditions,  show  increased  breadth 

diminished  sharpness.     That  no  such  changes  are  to  be 
)gnized  is  a  fatal  objection  to  the  theory, 
mother  class  of  unexplained  phenomena  is  the  duplicity  of 
ain  lines  of  the  solar  spectrum,  lines  which  are  single  in 

spectra  of  terrestrial  sources.     Of  these  Prof.  Young  has 
;overed  Ej,  6,  and  b^  with  others. 
ly  own  observations  can  be  arranged  very  simply  in  classes, 

will  then  better  lend  themselves  to  theoretical  discussion. 
.  The  most  important  fact  of  all  is  that  the  differences  in 

two  spectra  of  center  and  limb  are  extremely  minute, 
iping  all  but  the  most  perfect  instruments,  and  all  methods 
ch  do  not  place  them  in  close  juxtaposition. 
I.  Certain  lines,  the  thickest  and  aarkest  in  the  spectrum, 
ably  those  of  hydrogen,  magnesium  and  sodium,  which 
ear  with  haze  on  either  side,  in  the  spectrum  of  the  center 
.he  solar  disk,  are  deprived  of  this  accompaniment  in  that 
he  limb. 

[I.  Certain  very  fine  lines  (four  observed)  are  stronger  at 
b. 

V.  Other  very  fine  lines  (two  or  three  observed)  are 
nger  at  center. 

be  ordinarily  accepted  theory  of  the  origin  of  the  Fraun- 
T  lines  fails  to  explain  the  phenomena  as  observed.  That 
f  we  suppose  the  photosphere,  whether  solid,  liquid,  gase- 

or  cloud-like,  to  yield  a  continuous  spectrum  which  is 
ified  only  by  the  selective  absorption  of  a  surrounding 
)sphere,  then  the  absorption  must  be  greater  at  the  limb 

at  the  center  of  the  solar  disk;  and  this  must  be  true 
pendently  of  the  thickness  of  that  atmosphere  as  well  as  of 
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the  form,  rough  or  otherwise,  of  the  surface  of  the  photosphere. 
This  evident  consequence,   pointed  out  in  the  first  place  by 
Forbes,   nearly  half  a  century  ago,  cannot  be  avoided.     There 
is  but  one  way  of  maintaining  the  theory  and  escaping  Forbes's 
conclusion  already  quoted,  and   that  the  course  pursued  by 
Kirch hoflF  in  the  original  statement  of  his  theory  of  the  solar 
constitution,*  namely,   by  assuming  that  the  depth  of  the  re- 
versing atmosphere  is  not  small  compared  to  the  radius  of  the 
sun.     But  innumerable  observations  during  the  score  of  years 
which  have  lapsed  since  that  time  prove  tnat  such  a  reversing 
atmosphere  must  be  very  thin.     The  famous  observation  of 
Professor  Young  during  the  total  eclipse  of  1870,  when  he 
saw  appreciably  all  the  Fraunhofer  lines  reversed,   has  natu- 
rally been   received   as  the  strongest  confirmation  of  Kirch- 
hoff's  views  as  to  the  locus  of  the  origin  of  the  dark  lines. 
But  this  very  observation  restricts  the  effective  atmosphere 
(save  for  hydrogen  and  one  or  two  other  substances)  to  a  depth 
of  not  more  than  2".      Thus,  singularly  enough,    the   very 
observation,  which  led  to  the  firmest  belief  among  speclroscop- 
ists  in  the  correctness  of  KirchhofFs  view,  exposed  at  the  same 
time  its  most  vulnerable  point 

Another  theory  of  the  solar  constitution,  that  of  Fave, 
assigns  a  different  seat  to  the  stratum  producing  the  Fraunho- 
fer lines,  namely,  the  photosphere  itself.  Regarding  the  prin- 
cipal radiation  of  the  sun  as  coming  from  solid  or  liquid 
particles  floating  in  a  gaseous  medium,  the  cloud-like  stratum 
thus  formed  is  necessaril}'  somewhat  transparent  According 
to  his  views,  these  particles  are  the  sources  of  the  continuous 
spectrum,  and  the  medium  in  which  they  float  is  the  locus  of 
the  selective  absorption. f  Thus  he  attempts  to  reconcile  the 
general  theory  of  Kirchhoff  with  the  observations  and  deduc- 
tions of  Forbes,  which,  as  we  have  seen,  were  a  constant 
stumbling  block  in  the  way  of  accepting  Kirchhoff 's  explana- 
tion. 

Lockyer  seems  to  have  accepted  this  theory,  and  to  have 
defended  it  in  the  earlier  portion  of  his  work  ;j  but  in  1872 
after  Young's  important  observation  of  1870  and  its  confirma- 
tion in  1871,  he  changed  his  views  and  regarded  the  layer  just 
outside  the  photosphere  as  the  true  seat  of  the  selective  absorp- 
tion producing  the  Fraunhofer  lines.§  I  supposed  in  1873  that 
my  observations  then  published  could  be  explained  on  Faye's 
hypothesis. 

*  Untersuchungen  iiber  das  Sonnenspectrum.     Berlin,  1862,  pp.  14-15. 

f  Comptea  Kendus,  vol.  Ix,  1865. 

t  See  "  A  leoture  delivered  at  the  Royal  Institution,"  May  28th,  1869.  Quoted 
in  Lockyer's  .Solar  Physics,  pp.  220-221;  also  "The  Rede  Lecture,"  May  24th, 
187 1 .    Quoted  in  Solar  Physics,  pp.  31 7-3 1 8. 

§  See  revised  report  of  two  lectures  delivered  at  Newcastle-upon-Tyiie  in 
October,  1872,  Solar  Physics,  p.  409. 
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There  is,  however,  a  fatal  objection  to  the  explanation  as 
given  by  this  theory.  If  the  luminous  particles  are  precipitated 
from  the  vajx)rs  of  the  photosphere,  they  cannot  be  at  a  higher 
temperature  than  the  circumambient  gases;  on  the  contrary, 
on  account  of  their  greater  radiating  power  they  must  be 
slightly  cooler.  But  the  fundamental  theory  of  absorption 
demands  a  lower  temperature  for  the  vapor  producing  dark 
lines  than  that  of  the  principal  sotirce  of  light  behind  it ;  con- 
sequently this  view  of  Faye  cannot  be  accepted  without  great 
modifications. 

Before  advancing  any  theory  of  my  own,  it  may  be  well  to 
emphasize  two  principles  taught  by  the  theory  of  absorption, 
to  which  all  hypotheses  must  be  conformable.  That  Faye^s 
fails  in  this  is  sufficient  cause  for  its  rejection. 

Ist  To  produce  dark  lines  in  a  spectrum  by  absorption,  the 
source  of  absorbed  light  must  be  at  a  higher  temperature  than 
that  of  the  absorbing  medium. 

2d.  There  is  an  inferior  limit  of  brightness  below  which  the 
course  of  absorbed  light  cannot  go  without  the  spectral  lines 
becoming  bright       ' 

Of  these,  the  first  is  familiar  and  requires  here  neither  proof 
nor  comment;  the  second,  though  not  less  evident,  is  less 
familiar  because  less  important  As  we  shall  make  use  of  it, 
however,  it  may  be  well  to  enforce  it  by  reference  to  common 
experience.  Were  it  not  true  it  would  be  impossible  to  see 
bright  lines  in  the  spectrum  of  any  flame  to  which  daylight 
had  access,  for  in  this  case  the  conditions  demanded  by  the 
first  principle  are  fully  met,  the  sun  being  the  origin  of  the 
daylight  That  we  do  not  see  absorption  lines  is  due  then 
alone  to  the  lack  of  necessary  brilliancy  in  the  daylight 

Thus  much  premised  we  can  frame  a  theory  which  explains 
all  the  observed  phenomena  exhibited  by  the  spectroscope,  and 
is  also  rendered  highly  probable  by  the  revelations  of  the 
telescope. 

As  is  well  known,  the  solar  surface  when  examined  with  a 
powerful  telescope  of  large  aperture  presents  a  granulated  ap- 
pearance, the  granules  in  general  subtending  an  angle  of  a  frac- 
tion of  a  second  only.  Probably  this  appearance  is  better  known 
to  the  majority  of  astromoners  by  means  of  Professor  Langley's 
admirable  drawings*  rather  than  by  personal  observation.  These 
granules  I  regard  as  marking  the  locus  of  currents  directed 
generally  from  the  center  of  the  sun.  About  these  currents 
are  necessarily  currents  in  an  opposite  direction  which  serve  to 
maintain  a  general  equilibrium  in  the  distribution  of  mass. 
Let  us  consider  the  action  of  such  an  ascending  current.  Start- 
ing from  a  low  level  at  a  temperature  which  we  may  regard  as 

♦  This  Jour.,  vol.  vii,  1874,  and  vol.  ix,  1875.     Plates. 
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above  the  vaporizing  point  of  all  elements  contained  in  it,  as  it 
rises  to  higher  levels,  it  cools,  partly  by  radiation,  more  by 
expansion,  until  finally  the  temperature  falls  to  the  boiling 
point  of  one  or  more  of  the  substances  present.  Here  such 
substances  are  precipitated  in  the  form  of  a  cloud  of  fine 
particles  which  are  carried  on  suspended  in  the  current  The 
change  of  state  marked  by  the  precipitation  is  accompanied  by 
a  sudden  increase  in  radiating  power;  hence  these  particles 
rapidly  lose  a  portion  of  their  heat  and  become  relatively  dark, 
to  remain  feo  until  they  are  returned  to  lower  levels  by  the 
currents  in  a  reverse  direction. 

In  this  theory  it  will  be  observed,  there  is  nothing  which 
does  violence  to  our  accepted  notions  of  the  solar  constitution. 
Indeed,  it  differs  chiefly  from  that  of  Faye  in  localizing  the 
phenomena  of  precipitation,  instead  of  regarding  it  as  proper 
to  all  portions  of  the  photosphere ;  and,  what  is  quite  as  im- 
portant, in  supposing  the  precipitation  confined  to  one  or  two 
elements  only.  I  shall  attempt  to  define  these  elements 
farther  on. 

In  our  theory,  then,  the  granules  are  those  portions  of  up- 
ward currents  where  precipitation  is  most  active,  while  the 
darker  portions,  between  these  bodies,  are  where  the  cooler 
products  of  this  change  with  accompanying  vapors  are  sinking 
to  lower  levels. 

Having  stated  the  theory  we  will  now  apply  it  to  the  four 
classes  of  phenomena  defined  above. 

From  the  nature  of  the  condensation,  the  granules  or  cloudy 
masses  must  be  very  transparent,  because  the  condensation  is 
confined  to  elements  which  have  very  high  boiling  points,  and 
because  such  elements  can  be  but  a  portion,  perhaps  but  a 
small  portion,  of  the  whole  matter  contained  in  the  upward 
currents. 

It  is  not  d  priori  improbable  that  we  receive  light  from 
many  hundreds  of  miles  below  the  general  outer  surface  of  the 
photosphere.  Since  these  cloud-like  sources  of  in  tenser  radia- 
tions are  surrounded  on  all  sides  by  descending  currents  of 
colder  vapors  all  the  white  light  which  comes  to  us  must  have 
passed  through  media  capable  of  modifying  it  by  selective 
absorption.  Again,  since  at  the  center  of  the  solar  disk  we 
can  see  as  far  into  the  photosphere  as  at  the  limb  and  practi- 
cally no  further,  the  phenomena  of  absorption  ought  to  be 
on  the  whole,  the  same  in  both  regions. 

Thus  the  fundamental  and  most  important  class  of  phenom- 
ena above  classified  finds  a  simple  and  logical  explanation. 

With  regard  to  the  phenomena  of  class  IE,  we  have  but  to 
define  the  problem  in  order  to  find  the  solution  at  hand.  All 
the  lines  of  class  II  belong  to  vapors  which  lie  high  in  the 
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olar  atmosphere,  as  is  evident  from  their  frequent  reversal  in 
he  chromosphere.  On  the  center  of  the  disk  these  lines  are 
lazy  or  "  winged/'  but  not  so  at  the  limb.  To  the  spectro- 
icopist  this  aspect  is  characteristic  of  greater  pressure,  that  is, 
)f  more  frequent  molecular  impact  The  observation  then 
proves  that  the  dark  lines  of  hydrogen,  magnesium,  sodium, 
?te.,  as  seen  at  the  center  of  the  solar  disk  are  produced  by  the 
dements  in  question  at  a  higher  pressure  than  the  correspond- 
ing lines  at  the  limb.  Accepting  our  theory  this  must  be  so; 
for,  supposing  the  transparency  of  the  photosphere  is  such  that 
we  can  see  into  it  a  distance  of  2000  miles,  than  at  the  center 
of  the  disk,  we  have  light  modified  by  selective  absorption  all 
the  way  from  the  extreme  outer  chromosphere  down  to  20CK) 
miles  below  the  upper  level  of  the  photosphere ;  while  10'^ 
from  tlie  limb  the  light,  though  coming  from  the  same  depth 
of  vapor  measured  along  the  line  of  vision  has  its  lowest  origin 
more  then  1700  miles  farther  from  the  sun*s  center  than  in  the 
previous  case.  Of  course  the  numbers  here  used  have  no 
definite  significance,  but  modify  them  as  we  will,  within  the 
bounds  of  probability,  the  reasoning  remains  the  sama 

Suppose  now  a  certain  vapor  which  is  confined  to  the  upper 
stratum  of  the  photosphere,  or  rather,  one  of  which  the  lower 
limit  is  thus  restricted;  then  according  to  the  reasoning  of 
Forbes,  the  force  of  which  has  been  shown,  its  absorption 
lines  ought  to  be  strongest  at  the  limb.  This  is  the  condition 
which  produces  the  phenomena  of  Class  IIL 

Before  discussing  the  final  class  we  must  recall  a  fact  famil- 
iar to  the  most  casual  observer  of  the  sun,  namely,  that  lying 
upoD  the  photosphere  is  a  stratum  producing  a  very  strong 
general  absorption,  so  strong  indeed  that  the  disk  is  probably 
less  than  a  fourth  as  brilliant  near  the  edge  as  at  the  center. 
This  layer  is  very  thin,  as  proved  by  the  great  difference  in 
brilliancy  between  the  upper  and  lower  portions  of  faculae. 
Since  the  diflference  of  absorption  at  the  two  levels  is  very 
great,  the  conclusion  follows  because  the  facula  itself  is  so  low 
that  it  rarely,  if  ever,  appears  as  a  projection  on  the  limb  of 
the  sun.     For  convenience  let  us  call  this  layer  A. 

Imagine  then,  a  stratum  of  vapors,  B,  above  the  layer  just 
described,  which  ere  not  represented  at  all  in  the  photosphere, 
and  which  are  of  nearly  the  same  temperature  as  this  layer  A.* 

♦This  BuppositioD  is  not  opposed  to  probability,  for  though  we  must  regard  the 
temperature  generally  decreasing  in  passing  from  the  photosphere  outward,  it 
does  not  follow  that  this  decrease  is  continuous.  A  similar  general  law  may  be 
suted  for  our  own  atmosphere,  but  in  a  clear  night  the  air  in  the  immediate 
Tkanity  of  the  ground  is  colder  than  that  just  above.  The  explanation  of  this 
pheDomenoD  is  familiar  in*  the  theory  of  dew  and  hoar  frost.  Analogous  causes 
far  irregularity  in  the  distribution  of  temperature  in  the  solar  atmosphere  must 
be  even  more  efficacious,  since  the  layer  A  is  probably  a  more  vigorous  radiator 
don  the  earth,  and  the  gases  above  it  are  certainly  far  more  diathermous  than 
our  stmoephere. 
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Then  (for  the  sake  of  simplicity  regarding  this  layer  aa 
having  no  selective  absorption)  suppose  all  beneath  the  two 
spherical  shells  in  consideration  to  be  removed.  In  the  spec- 
troscope, light  from  such  a  source  as  the  two  layers  A  and  B 
would  yield  a  continuous  spectrum;  for  the  inner  shell  (A), 
radiating  only  white  light,  would  be  robbed  of  nothing  not 
supplied  in  equal  quantity  by  radiation  from  the  oater  shell 
(B),  since  they  are  of  the  same  temperature.  If  such  layers 
as  these  really  do  exist  about  the  sun,  we  can  now  readily 
state  the  appearances  which  would  be  presented  by  a  sun  so 
constituted,  if  the  threefold  system  should  be  studied  spectro- 
scopically.  In  the  center  of  the  projected  disk,  the  ItDes 
proper  to  the  exterior  shell  (B)  would  be  reversed,  i.  e.  dark. 
As  we  approached  the  edge,  however,  owing  to  the  opacity  of 
the  inner  shelly  the  conditions  would  approximate  to  what  they 
would  be  if  the  layers  A  and  B  existed  alone,  the  central  body 
being  removed,  and  the  lines  would  fade;  if  faint,  they  would 
vanish.     This  is  our  explanation  of  the  phenomena  of  Class  IV. 

Every  theory  involves  certain  conditions.  We  finally  judge 
of  the  soundness  or  unsoundness  of  any  theory  largely  from 
the  consideration  of  these  implied  conditions  and  of  the  extent 
to  which  they  are  fulfilled  by  it.  For  instance,  our  explana- 
tion of  the  fact  that  certain  very  fine  lines  are  stronger  at  the 
center  (IV)  demands  that  the  substances  giving  such  lines 
should  be  found  in  the  chromosphere,  indeed,  mainly  re- 
stricted to  the  chromosphere.  Fortunately  I  can  say  that  one 
of  them  (6371)  which  I  first  discovered  and  measured  care- 
fully is  identical  with  the  14th  line  of  Young's  second  Cata- 
logue of  Chromosphere  Lines.  The  other  one,  the  wave 
length  of  which  I  took  from  Angstrom's  chart  without  correc- 
tion, may  correspond  with  Young's  9th  (6429'9)  line  of  the 
same  catalogue,  which  differs  in  place  by  only  one-sixth  the 
distance  between  the  D  lines.  This  I  shall  test  at  the  earliest 
opportunity. 

If  the  theory  I  have  proposed  is  correct,  it  aflFords  the  first 
definite  evidence  of  the  existence  of  chemical  compouyids  in  the 
sun,  for  in  accordance  with  it  the  lines  of  Class  III  and  Class 
IV  belong  to  substances  which  are  not  found  in  the  lower 
photosphere.  We  know,  however,  that  all  gases  must  increase 
in  density  in  passing  from  their  outer  limit  toward  the  center 
of  the  sun;  and  we  have  seen  a  proof  of  this  in  the  case  of 
hydrogen  and  certain  other  vapors  in  the  discussion  of  our 
observations,  which  showed  that  the  characteristic  lines  indi- 
cated greater  density  when  they  originated  at  greater  depths. 
The  only  escape  from  the  contradiction  is  in  the  assumption 
that  the  lines  of  the  hist  two  cases  (III,  IV)  are  due  to  com- 
pound vapors  having  a  dissociation  temperature  below  that  of 
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the  lower  photosphere.     Of  course  the  substances  of  Class  IV 
have  a  lower  dissociation  temperature  than  of  Class  III. 

A  naturallj  suggested  and  legitimate  subject  of  speculation 
18  as  to  the  nature  of  the  substance  which,  by  precipitation, 
forms  the  cloud  masses  of  the  photosphere.  We  may  predi- 
cate three  properties  with  greater  or  less  positiveness.  viz: 

1st  The  substance  has  a  boiling  point  above  that  of  iron, 
for  iron  vapor  at  a  lower  temperature  exists  in  its  immediate 
neighborhood. 

M.  The  molecular  weight  is  probably  not  great,  for,  though 
precipitated  below  the  upper  natural  limit  of  its  vapor,  there 
are  few  elements  found  in  abundance  above  it,  and  those  in 
general  of  low  vapor  density. 

8d.  The  element  is  not  a  rare  one.  Of  these  guides  the  last 
18  of  the  least  value. 

The  substances  which  apparently  meet  all  these  conditions 
are  carbon  and  silicon ;  nor  is  it  easy  to  name  any  other  which 
will.  Accepting  for  a  moment  as  an  hypothesis  that  the  light 
coming  from  the  sun  is  radiated  by  solid  or  liquid  particles  of 
carbon  just  at  the  point  of  vaporization  let  us  see  if  the  facts 
of  observation  fulfill  the  implied  conditions. 

As  a  first  consequence,  we  see  that  the  temperature  and 
light  of  the  photosphere  are  defined  as  those  of  solid  carbon 
at  the  point  of  volatilization.  In  the  electric  arc  there  is  a 
Tcry  small  area  of  the  positive  carbon  pole  at  this  high  tem- 
perature. Though  this  area  is  in  a  very  disadvantageous 
position  for  observation,  and  can  consequently  have  but  a  dis- 
proportionally  small  share  in  producing  the  total  eflFect,  the 
splendor  of  the  electric  light  might  almost  tempt  us  to  believe 
tne  guess  a  valid  ona  Another  consequence  implied,  how- 
ever, namely,  that  the  spectral  lines  proper  to  simple  carbon 
we  absent  in  the  solar  spectrum,  is  doubtless  better  adapted  as 
a  cracial  test  of  the  hypothesis  than  a  study  of  the  electric 
light  There  has  been  evidence  recently  offered  that  carbon 
lines  are  present  in  the  solar  spectrum.  Granting  this,  we  per- 
ceive that  the  photosphere  contains  solid  or  liquid  particles 
hotter  than  carbon  vapor,  and  consequently  not^carbon. 

I  am  then  inclined  to  suspect  that  the  photospheric  material 
may  be  silicon,  which,  though  denser  in  the  gaseous  state  than 
carbon,  is  not  improbably  more  abundant.  There  is  also  good 
reason  to  suppose  that  carbon  is  precipitated  at  a  higher  level, 
and  the  analogous  but  less  common  element  boron  may  add  a 
minor  effect. 

In  the  explanations  which  I  shall  give  of^^the  remaining 
phenomena,  it  may  serve  to  fix  the  ideas,  to  think  of  the  gran- 
ules which  characterize  the  sun's  photosphere  as  clouds  of  a 
substance  like  precipitated  silicon.     At  any  rate  we  are  sure 
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that  the  substance  in  question,  so  far  as  we  know  it,  has  prop- 
erties similar  to  those  of  the  carbon  group. 

I  have  given  plausible  explanations  of  all  the  phenomena  in- 
cluded specially  in  my  own  observations.  It  remains  to  dis- 
cuss the  others,  briefly  mentioned  above. 

The  substance  precipitated  cools  very  rapidly,  as  it  is  an 
excellent  radiator,  separated  from  space  only  by  extremely  dia- 
thermous  media.  It  forms  then  a  smoke-like  envelop,  which 
ought  to  exert  just  such  a  general  absorption  as  that  observed 
at  the  limb  of  the  sun.  It  is  thin  because  of  the  relatively 
great  density  of  the  substance  in  the  liquid  or  solid  state;  thus 
the  apparent  brilliancy  of  the  faculse  is  readily  understood. 

If  there  is  any  disturbing  cause  which  would  tend  to  direct 
currents  of  gas,  over  a  considerable  area  of  the  solar  surface, 
toward  a  point,  this  smoke,  instead  of  quietly  settling  down  to 
lower  levels  between  the  granules,  would  concentrate  about 
this  point,  there  exercising  a  marked  general  absorption  which 
would  betray  itself  as  a  spot.  At  this  place  the  suspended  par- 
ticles would  sink  to  lower  levels  with  constantly  increasing 
temperature,  until  finally,  heated  to  intense  incandescence,  they 
would  revolatilize.  Thus  the  floor  or  substratum  of  every  spot 
must  be  a  portion,  depressed  it  is  true,  of  the  photosphere.  All 
the  spectroscopic  phenomena  of  spots,  which  have  proved  so 
perplexing,  are  thus  naturally  and  easily  explained. 

In  the  immediate  neighborhood  of  a  spot,  the  centripetal 
currents  bend  down  the  ordinary  convection  or  granule-produc- 
ing currents,  so  that  they  are  approximately  level.  Before,  the 
latter  cooled  suddenly  by  rareiaction  in  their  upward  course, 
now  they  cool  mainly  by  the  much  slower  process  of  radiation; 
thus,  while  before  the  locus  of  precipitation  was  restricted,  it 
is  now  greatly  extended.  This  is  the  cause  of  the  great  elon- 
gation of  the  granules  in  the  penumbra,  a  real  elongation,  I 
imagine,  and  not  merely  an  apparent  one. 

Finally,  concerning  the  close  duplicity  of  certain  lines,  we 
may  reason  thus: — If  we  could  surround  the  sun  by  a  stratum 
of  gas  hotter  than  the  photosphere  and  much  rarer  than  that 
producing  the  corresponding  Fmunhofer  lines,  we  should,  as  is 
shown  by  a  course  of  reasoning  which  I  have  given  in  another 
place,*  see  each  dark  line  divided  by  a  sharp  bright  line  in  its 
center,  that  is,  doubled.  But  as  a  consequence  of  the  theory, 
this  supposed  condition  must  be  practically  met  in  the  case  ol 
certain  vapors  in  the  sun.  The  gases  just  aver  the  granules, 
in  the  vertical  currents,  are  at  a  very  high  temperature,  essen- 
tially that  of  the  condensing  material  itself,  consequently  much 
hotter  and  racer  than  the  relatively  low-lying  vapors  which,  as 
we  have  seen,  produce  the  Fraunhofer  lines. 

*  On  Lockjrer's  Hypothesis,  Am.  Jour.  Chem.,  vol.  i,  p.  15. 
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There  are,  however,  certain  evident  limitations  to  these  con- 
tioDs;  in  other  words,  we  cannot  expect  to  see  all  the  dark 
aes  doubled  by  any  increase  of  dispersive,  power.  For  in- 
ance,  a  line  must  have  a  marked  tendency  to  broaden  with 
creased  presanre,  otherwise  the  duplication  cannot  be  pro- 
>unced.  Again,  the  layer  of  rare  vapor  must  be  thin,  or  its 
mperature  cannot  be  relatively  high  throughout,  as  demanded 
f  the  theory.  This  evident  condition  doubtless  gives  the  rea- 
m  why  the  hydrogen  lines,  though  the  broadest  in  the  solar 
)ectrain,  are  not  sensibly  double. 

The  theory  of  the  constitution  of  the  sun  above  proposed, 
lay  be  briefly  recapitulated  thus: 

Convection  currents,  directed  generally  from  the  center  of 
ae  sun,  start  from  a  lower  level  where  the  temperature  is  prob- 
bly  above  the  vaporizing  temperature  of  every  substance. 
^8  these  currents  move  upward  they  are  cooled,  mainly  by 
txpansion,  until  a  certain  element  (probably  of  the  carbon 
^up),  is  precipitated.  This  precipitation,  restricted  from  the 
nature  of  the  action,  forms  the  well-known  granules.  There  is 
iK)thing  which  has  come  under  my  observation  which  would 
indicate  a  columnar  form  in  these  granules  under  ordinary  cir- 
cumstances. 

The  precipitated  material  rapidly  cools,  on  account  of  its 
great  radiating  power,  and  forms  a  fog  or  smoke,  which  settles 
slowly  through  the  spaces  between  the  granules  till  revolatilized 
below.  It  is  this  smoke  which  produces  the  general  absorp- 
tion at  the  limb  and  the  **rice  grain"  structure  of  the  photo- 
sphere. 

When  any  disturbance  tends  to  increase  a  downward  convec- 
tion current,  there  is  a  rush  of  vapors  at  the  outer  surface  of 
the  photosphere  toward  this  point  These  horizontal  currents, 
or  winds,  carry  with  them  the  cooled  products  of  precipitation 
which,  accumulating  above,  dissolve  slowly  below  in  sinking. 
This  body  of  *  smoke*  forms  the  solar  spot 

The  upward  convection  currents  in  the  region  of  the  spots 
are  bent  horizontally  by  the  centripetal  winds.  Yielding  their 
heat  now  by  the  relatively  slow  process  of  radiation,  the  loci 
of  precipitation  are  much  elongated,  thus  giving  the  region 
immediately  surrounding  a  spot  the  characteristic  radial  struc- 
ture of  the  penumbra. 

This  conception  of  the  nature  of  the  penumbra  implies  a 
ready  interpretation  of  a  remarkable  phenomenon,  amply  at- 
tested by  the  most  skillful  observers,  and,  as  far  as  my  knowl- 
edge goes,  wholly  unexplained;  namely,  the  brightening  of 
be  inner  edge  of  the  penumbra  in  every  well-developed  spot**^ 

*  Relating  to  this  phenomenoD.  see  important  observatioDS  by  Professor  Lang- 
»T.  this  Journal,  vol.  ix  (1875),  p.  194;  also  Le  Soleil,  par  Le  P.  A.  Secchi,  Paris, 
875.  chap,  nr,  p.  80,  and  particidarly  fig.  46,  p.  90,  with  explanatory  text 
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This  interpretation  is  perhaps  most  readily  imparted  by  a 
comparison  of  the  hot  convection  currents  in  the  two  cases. 
When  the  convection  current  is  rising  vertically,  the  medium 
is  cooled  by  expansion  until  the  precipitation  temperature  is 
reached,  when  all  the  condensible  material  appears  suddenly^ 
save  as  it  is  somewhat  retarded  by  the  heat  liberated  in  the 
act  Immediately  afterward  the  particles  become  relatively 
dark  by  radiation.  In  the  horizontal  current  a  very  different 
condition  of  things  obtains.  Here  the  medium  does  not  cool 
dynamically  by  expansion,  but  only  by  radiation  ;  hence,  since 
the  radiation  of  the  solid  particles  is  enormously  greater  than 
that  of  the  supporting  gas,  practically  by  that  of  the  particles 
themselves.  Thus  after  the  first  particle  appears,  it  must 
remain  at  its  brightest  incandescence  until  all  the  material  of 
which  it  is  composed  is  precipitated.  From  this  we  see  that 
such  a  horizontal  current  must  increase  gradually  in  brilliancy 
to  its  maximum,  and  then  suddenly  diminish,  an  exact  accord- 
ance with  the  facts  as  observed. 

Johns  Hopkins  Univ.,  Baltimore,  September,  1880. 


Art.  IV. — Review  of  Professor  HalVs  recently  published  volume 
on  the  Devonian  fossils  of  New  York  (constituting  Part  II, 
vol.  V,  of  his  quarto  series  on  the  Paleontology  of  the  State) ; 
by  Dr.  Ch.  Barkois.* 

The  State  of  New  York  has  recently  published  the  second 
part  of  vol.  V,  of  the  Paleontology  of  New  York,  by  Professor 
James  Hall.  This  volume  of  492  pages  and  120  plates,  4to, 
contains  the  descriptions  of  the  Gasteropods,  Pteropods  and 
Cephalopods  of  the  Devonian  formation  of  this  part  of  North 
America. 

Before  presenting  to  the  readers  of  the  Revue  the  scientific 
results  acquired  in  this  important  work,  it  is  proper  to  refer  to 
the  volumes  which  preceded  it,  and  to  speak  of  the  immense 
charge  which  the  State  has  confided  to  Professor  Hall,  a  charge 
which  has  given  to  science  the  geology,  and  then  the  Paleon- 
tology, of  New  York. 

The  first  researches  of  Professor  Hall  were  made  in  the 
State  of  New  York  in  1837.  He  was  appointed  by  the  Gov- 
ernment, with  Mather,  Vanuxem  and  Emmons,  to  collect  the 
materials  for  a  geological  description  of  that  region.  During 
the  years  which  followed,  the  annual  reports  of  these  savants 

♦This  review  appeared  in  the  number  of  the  Revue  Scientifique  (Paris)  for 
September,  1880.  and  has  been  translated  from  the  French  for  this  Journal.  The 
volume  by  Professor  Hall  bears  the  date  December  15,  1879.  Albany,  New  York. 
(Van  Benthuysen  A  Sons.) 
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nown  their  progress  and  their  discoveries ;  and  in  1848, 
d  in  four  quarto  volumes  the  final  reports  on  the  Geol- 
the  State.  These  geologists  had  divided  the  State  into 
itricts ;  and  in  seven  years  they  had  succeeded  in  mak- 
nap  of  a  hitherto  unknown  region  as  large  as  Ireland; 
d  besides  given  to  their  country  a  work  which  has 
ecome  the  foundation  of  stratigraphical  Geology  in 
a. 

part  described  by  Professor  Hall  was  the  western  por- 
the  State,  that  is  to  say,  the  portion  where  the  non- 
)rphic  beds  were  filled  with  fossils;  thus  he  found 
'  prepared  to  undertake  the  publication  of  the  Paleon- 
of  the  State  of  New  York  with  which  he  was  officially 
1  in  1848.  This  work  has  become  the  great  work  to 
Mr.  Hall  has  devoted  ail  his  tab^nts  and  all  his  energy, 
this  modest  title,  it  is  not  only  the  description  of  the 
found  in  the  formations  of  the  State  of  New  York, 
the  author  would  make  known  to  the  learned  world ; 
ceived  the  grand  project,  now  almost  entirely  accom- 
,  to  illustrate  the  fauna  of  all  the  Paleozoic  forma- 
f  the  United  States.  This  labor  necessitated  considera- 
liminary  research.  It  was  necessary  first  to  traverse  the 
ichian  range  from  Canada  to  Alabama,  from  the  ocean 
plains  of  the  Mississippi  River,  that  is  to  saiy,  an  extent 
ntry  equal  to  half  of  Europe,  to  observe  the  order  of 
ion  in  the  strata,  their  parallelism,  their  continuity,  or 
iterruptions,  and  to  collect  the  fossils  for  future  descrip- 
These  \o\\g  and  toilsome  journeys,  many  of  them  in 
\  now  civilized  but  then  uninhabited  or  wild,  were  made 
t  any  official  aid.  The  results  have  been  great 
847  was  published  vol.  i  of  the  Paleontology  of  New 
a  volume  of  340  pages  and  90  plates.  With  this  com- 
i  the  series  of  Mr.  Hall's  paleontological  publications; 
IS  which  has  been  going  on  uninterruptedly  to  the 
t  time;  which,  besides  the  eight  quarto  volumes  (certain 
ai  being  in  two  parts)  of  the  Paleontology  of  the  State, 
3  also  many  memoirs  in  the  octavo  Annual  Eeports  of 
ite  Museum  of  Natural  History.  Volume  i  of  the  Pale- 
ly is  devoted  to  the  description  of  the  fauna  of  the 
Silurian  ;  volume  ii,  to  the  fauna  of  the  Middle  Silurian, 
ited  by  85  plates;  volume  iii  (two  volumes)  treats  of  the 
Silurian,  and  contains  120  plates ;  volume  iv  contains 
'scriptions  of  the  Brachiopods  of  the  Devonian  forma- 
kvith  ^i^  plates;  a  sixth  volume,  which  is  outside  of  the 
has  187  photographed  plates  of  Devonian  fossils.  Of 
ries,  the  sixth  and  seventh  volumes  which  have  just 
ed,  constitute  part  2  of  volume  v.  The  first  part,  de- 
X)  the  Devonian  Lamellibranchs  will  next  appear. 


46       C.  Barrois — Review  of  Professor  BaWs  recent  volume 

In  this  work,  the  Devonian  fauna  of  the  State  of  New  York 
is  divided  as  below,  in  the  descending  order. 

Catskill  Group. 
Chemung    " 
Portage      " 

i  GreDesee  slates. 
Hamilton   *'      •<  Hamilton  beds. 

(  MarceUus  shales. 

(  Upper  Helderberg  limestone. 
Upper  Helderberg  Group.  •<  Schoharie  Grit — (Calcareous  sandstone). 

(  Cauda-galli  gnrit 

This  group  of  formations  is  mostly  limestone  at  the  base, 
while  slates  and  sandstones  prevail  in  the  upper  part.  To 
the  Cauda-galli  grit  and  the  Catskill  group  we  shall  not  have 
occasion  to  refer,  as  these  divisions  do  not  contain  representa- 
tives of  the  forms  treated  of  in  this  volume.  The  Schoharie 
species  are  imperfectly  preserved  ;  those  of  the  Upper  Helder- 
berg limestone  and  the  Hamilton  group  are  in  good  condition; 
those  of  the  Portage  and  Chemung  are  less  perfect.  We  will 
examine  successively  these  diflFerent  groups,  and  endeavor  to 
give  an  idea  of  the  fauna  of  Gasteropods,  Pteropods  and 
Uephalopods  which  have  been  described  in  this  work. 

Gasteropods. — The  Platyceras*  of  the  family  of  the  Capu- 
lides,  form  the  most  striking  feature  of  the  Helderberg  lime- 
stone; they  ftccur  there  in  great  abundance  and  in  an  astonish- 
ing variety  of  forms  (twenty-three  species).  The  great  variations 
in  form  and  character  of  the  Platyceridse  render  their  determi- 
nation very  difficult,  and  there  are  always  specimens  which 
cannot  be  classified  ;  they  are  found  passing  fl*om  one  form  to 
another,  and  there  are  species  which  perhaps  should  be  united. 
The  Platyostoma  form  another  group  of  Capulides,  comprising 
fourteen  species,  among  which  there  are  several  which  pass 
into  the  preceding  genus.  Two  species  taken  from  the  genus 
Platyostoma  are  the  types  of  the  new  genus  Strophostylusof 
Mr.  Hall.  The  Capulides  have  not  attained  in  Europe  the 
same  development  as  in  America  ;  but  it  is  nevertheless  at  the 
same  epoch  that  they  appear  in  the  greatest  abundance.  In 
Germany  the  Platyceras  and  the  Platyostoma  characterize  the 
"  Hercynien"  limestone  of  Kavser,  but  disappear  in  the  Spirifera 
sandstone.  In  the  west  of  France  they  abound  in  the  *'  Her- 
cynien" limestones  of  Erbray  and  also  in  the  Devonian  lime- 
stones of  Courtoisi^res,  etc.,  while  they  are  wanting  in  the 
pynchronous  graywackesof  Ardennes  and  of  Breiagne.  These 
forms  are  species  of  calcareous  formations  rather  than  charac- 
teristic of  the  Hercynien  epoch  ;  one  cannot  distinguish  the 
living   Capulus   from   the   Devonian    Platyceras,   and    many 

*  The  French  of  Dr.  Barrois  is  here  literally  followed  in  making  the  name  of  % 
genus  a  noun  of  multitude. 
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hore  unite  these  genera.  The  Platyceras  pyramidaium  (Hall) 
jmbles  the  P.  hercynicus  (Kayser),  the  P.  symmeiricus  (Hall) 

P.  uncinatus  (A.  Roemer),  and  the  P.  carinatum  (Hall)  the 
zmkeni  {A.  Roemer).  , 

I  does  not  appear  that  there  are  identical  forms  common  to 

Devonian  strata  of  America  and  Europe ;  but  if  it  be 
x>ssible  to  assimilate  the  species  of  the  two  sides  of  the 
lantic,  we  should  nevertheless  have  a  false  idea  of  these 
nas  by  neglecting  all  comparison.  The  American  De- 
lian  species  have  representatives  in  the  same  formation 
Europe ;  they  are  analogous  forms,  and  perhaps  geographical 
rieties.  This  important  fact  is  observed :  that  the  change 
genera  and  families  has  been  in  a  great  degree  the  same 
the  Devonian  series  of  the  two  continents.  Thus  the  Macro- 
eilus  (Phill.),  represented  by  four  species  in  the  Devonian 

New  York,  are  Devonian  forms  common  in  Europe.  It  is 
e  same  with  the  Loxonema  (nineteen  Devonian  species  in 
merica) ;  the  Euomphalus  (nine  American  species) ;  the  Pleu- 
ioraaria  (twenty-four  species) ;  the  Murchisonia  (six  species) ; 
le  Bellerophon  (twenty-four  species) ;  and  the  Turbo  (one 
)ecies). 

The  American  Loxonema  ITamthonice  (Hall)  resembles  the 
t.  nexHis  (Phill.)  of  England ;  the  Euomphalus  Decewi  (Hall) 
le  R  Wahlettbergii  (Goldt);  the  E.  clymenoides  (H.)  the  E, 
lanorbis  (Goldf.) ;  the  Pleurotomaria  lucina  (H.)  the  P.  rotyn- 
i»ta(Munst);  P.  ella  (Hall)  the  P,  radiih  (Kon.) ;  P.fiWexta 
B.)  the  P,  clathrata  (Miinst.) ;  P,  trilix  (H.)  P.  quadrilineata 
5aDdb.)  ;  P,  quadrilix  (Hall)  the  P.  lenlicularis  (Goldf.) ;  Mur- 
\\sonia  desiderata  (Hall)  AJurchi^onia  angutata  (de  Vern.) ;  M. 
licula  (Hall)  M,  biUneata  (Goldf.);  J/,  maia  (Hall)  M.  trilineaia 
SanJb.) ;  Bellerophon  curviUneatus  (Hall)  B.  duhia  (d'Orb.) ; 
i  aculilira  (Hall)  B.  Murchisonia  (d'Orb.)  ;^.  hrevilineatus 
Ball)  B  Verneuili  (d'Orb.) ;  B.  naiator  (Hall)  B,  expansus 
Sow.);  B,  leda  (Hall)  B.  decussatus  (Flem.);  B.  Helena  (Hall) 
i  hiulcus  (Mart.);  B.  rotalinta  (Hall)  /i  trilobaius  (Sow.) ;  B, 
xcera  (Hall)  B.  tuberculaius  (d'Orb.);  PorcelUa  Hei  izeri  {}1?l\\) 
%rctllia  puzo  of  Europe. 

There  are  therefore  relations  between  the  Devonian  faunas 
f  the  two  continents.  It  is  to  be  noticed  also  that  the  genus 
laomphalus  is  divided,  in  the  Paleontology  of  New  York, 
ito  two  sections,  having  For  types  the  European  Straparollus 
f  Montfort  and  the  Phanerotinus  of  Sowerbv  ;  Professor  Hall 
ikes  from  this  family  the  Euomphalus  Decewi  (analogous  to 
IT  E.  WahUnbergii  (Goldf.)  to  make  the  type  of  his  new  genus 
leuronotus.  The  Bellerophons  are  as  abundant  in  the  De- 
)Dian  in  America  as  in  Europe;  there  are  five  species  in  the 
pper  Helderberg,  fourteen  in  the  Hamilton,  and  five  in  the 
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Chemung.  It  is  interesting  to  note  the  complete  absence  of 
the  allied  genus  Bucania,  which,  on  the  contrary,  is  so  widely 
distributed  in  the  Silurian  of  this  region. 

There  are,  however,  certain  genera  of  Gasteropoda,  which 
appear  peculiar  to  the  Devonian  formation  of  America.  Such 
are  the  Cyrtolites  of  Conrad  (two  species),  and  the  Cyclonema 
(six  species) — a  new  genus  of  Mr.  Hall  analogous  to  Pleuroto- 
maria.  The  Callonema,  another  new  genus  (three  species)  in 
which  Mr.  Hall  places  certain  Isonema,  Pleurotomaria,  Loxo- 
nema  had  perhaps  an  analogue  in  Europe  in  the  Natica  sulh 
piligera  (Le  Hon)  of  the  Devonian  of  Belgium.  The  same 
may  be  said  of  his  new  group  Palaeotrochus  (one  species),  the 
casts  of  which  resemble  the  Plturotomaria  Oriffilhii  of  MacCoy. 

Pteropods. — Little  has  hitherto  been  known  of  the  Paleo* 
zoic  Pteropods  of  America;  they  had  however  acquired  t 
great  development  in  the  Devonian  era,  for  Mr.  Hall  has 
described  thirty-two  new  forms,  distributed  in  seven  different 
genera. 

The   Tentaculites   which   are  represented   in    the   Silurian 
Clinton  Group  of  New  York,  and  in  the  more  ancient  Trenton 
group  in  a  neighboring  State,   have  considerable  differences 
from  the  forms  which  are  found  in  the  Upper  Silurian  and 
Devonian  formations.     Mr.  Hall  is  led  to  consider  these  differ- 
ences as  generic  ;  and  he  limits  the  genus  Tentaculites  to  forms 
which   are  conical,  straight,  elongated  and  covered  with  rings; 
this  genus  thus  defined  first  appeared  in  the  Upper  Silurian, 
and  is  represented  by  six  species  in  the  Devonian.     The  species 
of  Tentaculites  cited  from  the  Lower  Silurian  appertain  to  the 
genus   Cornulites,    which   attained   its    greatest    development 
at  this  ancient  period,  and   became  extinct  at  the  epoch  of  ^ 
the  Niagara.    The  Tentaculites  of  the  American  Devonian  have  i 
relations  with   the  European  forms  of  the  same  epoch;  tbns  j 
we  may  compare   T,  ailenualus  (Hall)  of  America  with  the  2! 
tenuis  (Sow.)  of  England  ;  7!  scalariformis  (Hall)  with  T.  sea-  • 
laris  (Schlt). 

The  genus  Styliola  is  represented  in  America  by  two  species, 
one  of  which  presents  four  varieties;  this  species,  ASf^toia^* 
surella,  is  very  analogous  to  aS".  clavulus  {Ban.) ;  it  has  a  wide 
geographical  extent  in  the  United  States,  where  it  is  recognized 
over  an  area  of  700  miles.  It  appeared  upon  this  continent 
as  in  Europe  after  the  genus  Tentaculites;  in  Europe  it  appears 
in  the  Third  Fauna ;  in  America  it  is  limited  to  the  Devonian. 

The  genus  Coleoprion  of  Sandberger  is  represented  by  a 
doubtful  form  from  the  Hamilton  group.  Professor  Hall  has 
designated  the  genus  Coleolus  for  six  forms,  of  which  the  type 
C  ievwcntclum  had  been  hitherto  connected  with  the  Cole* 
oprion  ;  these  are  tubular,  conical  forms,  elongated,  usually 
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straight,  and  with  thick  shell ;  thej  are  ornamented  with  striae 
or  with  oblique  rings.  This  genus  is  limited  to  the  Devonian 
formation. 

The  HjoUths  are  distinguished  from  all  the  other  genera  of 
American  Pteropods  by  their  geological  extent ;  they  appear 
in  the  Cambrian  (Potsdam)  and  are  found  above  the  De- 
vonian and  in  the  Carboniferous  limestona  It  is  remarkable 
(o  see  this  genus  diminish  in  the  Middle  Silurian  and  even  dis- 
tppear  in  the  Upper  Silurian,  which  is  so  rich  in  fossils  and 
in  other  Pteropods,  then  reappear  with  six  new  forms  in  the 
Devonian.  On  the  contrary,  it  is  in  the  second  and  third  Si- 
lurian faunas  that  this  genus  attains  its  full  development  in 
Europe.  There  are  nevertheless  resemblances  between  the 
forms  of  the  two  continents:  the  Hyolithes  aclis  (Hall)  of  the 
Hamilton,  resembles  the  Hyolithes  discors  of  Barrande;  the  H. 
stnatus  (Hall)  the  K  solitarius  (Barr.) ;  the  H.  singulis  (Hall) 
the  H.  striatulus  (Barr.). 

There  is  no  room  to  remark  on  the  new  genus  Clathrocoelia, 
established  on  two  imperfectly  preserved  specimens  from  the 
Hamilton  group.  On  the  contrary,  the  European  genus  Conu- 
laria  is  represented  by  ten  beautiful  new  species  in  the  Devo- 
nian of  America.  They  diflFer  from  those  which  had  been  pre- 
fiously  described  from  the  Silurian  of  the  same  region,  of  which 
Mr.  Hall  had  already  described  seventeen  specific  forms  of  the 
second  fauna ;  they  differ  also  from  the  seven  forms  which 
have  been  recognized  in  the  Carboniferous  limestone. 

Ckphalopods. — Mr.  Hall  admits  entirely,  for  this  part  of 
his  work,  the  generic  divisions  which  have  been  established 
with  so  much  talent  by  our  illustrious  compatriot  M.  Barrande. 
The  American  Onhoceras  compared  with  those  of  Europe,  and 
especiallv  with  those  of  Bohemia,  present  some  interesting 
&ct&  The  ornaments  of  the  shell  are  in  Bohemia  generally 
imbricated  lamellose  strise ;  in  America  they  are  reticulated. 
The  curved  forms  common  in  Bohemia  are  rare  in  America ; 
the  Brevicoms  of  M.  Barrande  are  scarcely  represented  in 
America.  Among  the  curved  forms  there  are  more  relations 
between  the  American  and  Bohemian  forms. 

The  genus  Orthoceras  appeared  in  America  in  the  Cambrian 
(Calciferous  sandstone) ;  the  sub-genus  Endoceras  did  not 
pass  beyond  the  second  fauna;  the  Orthoceras  proper  are 
round  as  far  as  the  Permian.  There  are  two  principal  horizons 
of  Orthoceras  in  the  Devonian  formation ;  the  Schoharie  grit, 
which  is  richest  in  species  and  individuals,  has  only  ten  meters 
of  thickness,  and  the  Hamilton  group,  400  meters  thick  in 
the  eastern  part  of  the  State  of  New  York,  is  reduced  to 
100  meters  m  the  western  part.  The  Schoharie  grit  passes 
insensibly,  into   the  Upper  Helderberg   limestone,   and  it  is 
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ourious  to  see  the  faana  of  the  Cepbalopods  diminish  in  pro 
portion  as  the  rock  becomes  more  calcareoua  The  Ortho 
ceras  are  distributed  in  the  Devonian  formation  as  follows : 

Upper  Helderberg  group,  indudiog  the  Schoharie  grit 30 

Hamilton  group 29 

Portage        "       4 

Chemung      " 19 

Waverly       "      7 

The  numerous  and  varied  forms  of  the  Schoharie  grit  ar< 
usually  imperfect ;  they  occur  in  a  coarse  sediment  and  an 
generally  in  the  condition  of  casts  of  the  interior.  Five  o 
these  forms  are  found  in  the  Upper  Helderberg  limestone 
while  other  species  are  proper  to  tnis  horizon,  and  two  of  th( 
lower  rock  are  continued  into  the  Hamilton  group.  There  an 
few  Orthoceratites  in  the  Hamilton  in  the  eastern  part  ol 
the  State,  where  it  is  shaly,  but  they  are  more  numeroQf 
toward  the  center  of  the  State,  where  the  sediments  are  charged 
with  lime.  It  is  interesting  to  note  that  the  Nautilus  have 
not  had  the  same  recurrence ;  and  they  are  found  in  the  more 
eastern  arenaceous  beds  of  the  group.  The  Portage  group  has 
its  own  proper  fauna  of  Orthoceras,  and  has  few  characters  in 
common  with  the  neighboring  groups.  The  Orthoceras  of  the 
Chemung  group  present  the  singular  trait  of  bein^  intermediate 
in  general  form  between  those  of  the  Upper  Helderberg  group 
and  those  of  the  Hamilton. 

The  Bactrites  have  been  but  sparingly  found  in  the  United 
States ;  only  a  single  species  is  known  in  the  Marcellus  shales. 
The  Gomphoceras  have  nearly  the  same  extent  as  the  Ortho- 
ceras,  but  they  are  most  numerous  in  the  limestones  of  the 
Upper  Helderberg  in  the  western  part  of  the  State.  The  spe 
cies  in  the  Schoharie  grit  are  generally  small,  but  there  are  large 
ventricose  forms  in  the  limestone  of  the  tipper  Helderberg; 
those  from  the  Hamilton  to  the  Chemung  are  characterized  b^ 
a  large  proportion  of  short,  ovoid  forms,  and  by  some  which 
are  larger  and  fusiform.  The  American  species,  compared 
with  those  of  Bohemia,  differ  from  these  generally  in  the  form 
of  the  mouth,  it  having  often  two  openings,  united  by  a  canal, 
in  the  Bohemian  species,  while  in  the  American  species  the 
openings  are  near  together  and  become  a  single  one  of  trilo 
bate  form.  The  Schoharie  grit  has  furnished  six  species  o: 
Gomphoceras,  the  Upper  Uelderberg  six,  the  Hamilton  eleven 
the  Portage  one,  and  the  Chemung  two:  still  it  is  impossible 
to  state  exactly  the  Cephalopod  fauna,  of  this  last  epoch,  fo] 
it  has  furnished  a  great  number  of  fragments  of  species  whicl: 
cannot  be  determined. 

The  existence  of  Cyrtoceras  in  America  was  first  recognizee 
by  Conrad  in  1838,  but  it  is  difficult  to  define  its  limits,  and  il 
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38  at  present,  according  to  Mr.  Hall,  many  species 
hould  be  removed  from  the  genus.  The  Gyroceras, 
re  Cyrtoceras  with  volutions  more  enrolled  and  sepa- 
resent  so  many  reliftions,  in  the  position  of  the  siphon 
ornamentation,  with  the  American  Cyrtoceras,  that  one 
really  consider  them  as  distinct  generic  types ;  but  that 
y  be  reunited  Thus  the  series  of  Oyrtoceras  alternatum^ 
I,  citumy  is  parallel  with  the  series  Gyroceras  Nereus^ 
lactntosumj  Matherij  paudnodum^  undulalum;  we  fol- 
he  changes  in  the  two  series  from  a  like  initial  form  to 
several  times  enrolled.  A  second  group,  comprising 
issive  forms,  shows  the  same  relations  between  the  series 
k/rtoceras  Jason  and  the  Chyroctras  cyclops.  The  generic 
on  of  all  these  forms,  based  upon  the  degree  of  curva- 
the  shells,  is  entirely  artificial,  and  neglects  the  essen- 
racters  which  unite  all  these  shells  in  the  same  group. 
»sy  to  recognize  a  Cyrtoceras  in  the  Silurian  period,  it 
more  and  more  difficult  to  do  it  with  precision  in  the 
n,  in  proportion  as  the  Gyroceras  become  developed, 
eral  law  is  nevertheless  that  the  Gyroceras  succeed  the 
•as  in  tima  These  forms  are  represented  by  six  species 
jhoharie  grit,  twelve  in  the  Upper  Helderberg,  six  m  the 
n  and  one  in  the  Chemung. 

enus  Trochoceras,  established  by  MM.  Ball  and  Bar- 
)r  the  Gyroceras  enrolled  in  helix  form,  is  essentially 
in  America  as  in  Europa  It  has  attained  its  greatest 
nent  in  America  at  tne  epoch  of  the  Niagara.  M. 
e  has  described  forty-five  species  in  the  Silurian  of 
L  In  the  Devonian  of  America,  this  genus  is  limited 
)choharie  grit ;  it  is  there  represented  by  nine  different 
they  appear  to  hold  here  the  place  of  Nautilus,  which 
tirely  disappeared,  and  which  on  the  contrary  replace 
the  period  of  the  Hamilton. 

J  Devonian,  the  Nautilus  are  abundant,  in  place  of  the 
ras  which  we  have  seen  so  predominant  in  the  Silu- 
n  the  Devonian,  Gyroceras  are  developed  to  the 
it  of  the  Silurian  Cyrtoceras;  but  it  is  only  at  the 
)f  the  Devonian  period  that  the  fauna  of  the  Nautilus 
ly  developed ;  there  are  ten  species  in  the  Hamilton  ; 
enting  a  remarkable  unity  in  the  plan  of  their  orna- 
3n.  The  subgenus  Discites  of  McCoy  should  include 
autilus  of  America,  two  of  the  Upper  Helderberg  and 
;he  Hamilton  ;  these  differ  from  the  Nautilus  proper  in 
ilar  form  of  the  shell,  the  position  of  the  sipnon,  and 
acter  of  ornamentation. 

Groniatites,  with    the   exception   of   O.  milhrax  found 
in  the  Upper  Helderberg  of  Ohio,  first  appeared  in 
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the  beds  of  the  Hamilton.  They  occur  there  in  abundance; 
they  present  a  remarkable  variety  of  form  (seven  species),  and 
the  type  attains  its  greatest  dimensions  in  the  Hamilton. 
Their  appearance  characterizes  an  ^poch  which  differs  much  in 
all  its  fauna  from  the  preceding.  They  continue  quite  abund- 
ant during  the  following  periods.  There  are  seven  species  in 
the  Portage,  five  in  the  Chemung. 

All  the  forms  which  we  have  passed  in  review  are  figured 
in  a  style  which  does  great  credit  to  the  draughtsmen  of 
Mr.  Hall,  Messrs.  G.  B.  Simpson  and  H.  M.  Martin.  The  fifth 
volume  of  the  Paleontology  of  New  York,  of  which  we  have 
endeavored  to  give  some  idea  to  the  readers  of  the  Revue,  is 
then  essentially  a  work  of  paleontological  specification.  But  it 
contains  besides  important  geological  observations:  such  are 
the  examinations  made  by  Mr.  Hall  in  the  vicinity  of  Louis- 
ville, Kentucky,  to  determine  the  age  of  some  fossils  found 
near  the  Falls  of  the  Ohio. 

This  volume  is  destined,  like  the  greater  part  of  those  preced- 
ing it  by  the  same  author,  to  make  an  epoch  in  science ;  for 
notwithstanding  the  labors  of  Roemer,  Sanaberger,  Kayser  and 
Gessler,  upon  the  Devonian  formation,  we  have  not  such  com- 
plete descriptions  of  the  fauna  of  this  period  as  have  now  been 
given  in  America  by  Professor  Hall.  Thus  the  Paleontology 
of  New  York  will  always  occupy  an  honorable  place  among 
the  publications  of  ofiicial  geological  surveys. 


Art.  V. — EarOiquake  at  the  Philippine  Islands^  of  July^  1880. 

(Plate  IV.) 

The  earthquake  of  July,  1880,  at  Luzon,  the  largest  of  the 
Philippine  Islands,  was  one  of  the  most  destructive  on  record. 
The  shocks  continued,  with  greater  or  less  interruption,  from 
the  14th  to  the  25th  of  the  month,  destroying  churches  and 
other  buildings,  and  producing  some  loss  of  life.  Records  of 
the  occurrences  at  Manila,  and  the  other  disturbed  regions, 
and  of  the  observations  made  with  seismometers  during  the 
eventful  period,  were  published  from  day  to  day  in  the  "Dia- 
rio  de  Manila;"  and  these  records  have  since  been  collected 
into  a  small  volume,  bearing  the  title,  "Los  Terremotos  en  Fil- 
ipinas  en  Julio  de  1880."*  From  this  volume  we  translate  the 
following  account  of  the  seismometrical  observations  made — as 

*  Published  at  Manila,  in  a  duodecimo  of  152  pages.  (Establecimiento  Tipograph- 
ico  de  Ramirez  j  Giraudier  a  cargo  de  C.  Miralles,  Magallanes,  3.)  For  ^e 
use  of  the  copy  of  this  volume  which  has  supplied  the  facts  here  g^ven,  this 
Journal  is  indebted  to  Professor  E.  G.  Pickering,  Director  of  the  Harvard  College 
Observatory. 
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the  Preface  says — ^by  "los  illustrados  PP.  Jesuitas  del  Obser- 
?atorio  Municipal,  si  qoienes  nunca  se  agradeceran  bastante  los 
aervicios  prestados  al  pais  en  situacion  tan  angustiosa."  The 
provinces  of  Manila,  Cavite,  Bulacan,  La  Laguna,  Pampanga, 
and  Nueva  Ecija,  were  the  chief  victims  from  the  terrible  con- 
vulsions ;  and,  in  many  parts,  their  "solid  edifices  were  converted 
into  shapeless  heaps  of  ruins,  and  the  materials  of  their  pros- 
perity buried  beneath  the  rubbish." 

Seismctfnetric  observations  made  at  Manila^  at  the  Observatory  of 
the  ^^Ateneo  Municipal,'^  from  the  Uth  to  the  25th  ofJuly^  1880. 

The  figures  which  accompany  this  Eeport  (see  Plate  IV)  are 
the  records  of  the  seismometer  during  the  principal  shocks  of 
the  earthquake.  They  were  traced  by  a  pendulum  six  meters 
long,  suspended  from  a  point  at  the  termination  of  four  metallic 
rods,  and  placed  within  a  glass  case.  The  pendulum  could 
oscillate  freely  in  all  directions,  not  only  under  the  impulse  of 
violent  shocks,  but  also  of  the  slow  and  gentle  undulations 
caused  by  movements  in  the  walls  of  the  building — to  which  it 
was  rigidly  attached.  It  oscillated  over  a  spherical  concavity 
made  in  a  thick  piece  of  wood,  whose  radius  of  curvature 
was  equal  to  the  length  of  the  pendulum.  The  concave 
surface  was  sprinkled  lightly  with  lycopodium  powder,  to  re- 
ceive the  tracings  made  by  the  pendulum  in  its  various  move- 
ments. At  the  center  of  the  concavity  there  was  a  small  ring 
which  was  dragged  by  the  pendulum  in  its  first  impulse,  and 
which  was  left  at  a  spot  opposite  to  that  from  which  the  first 
seismic  wave  came.  This  apparatus  is  that  called  the  horizon- 
tal seismometer. 

The  vertical  seismometer  used  consists  of  a  rigid  metal  rod, 
having  a  brass  wire  in  the  form  of  a  spiral  spring  soldered  to 
its  upper  end.  To  the  last  turn  of  the  spiral  is  attached  a  cyl- 
indrical piece  of  lead,  placed  transversely  to  the  rod,  and  at 
such  a  distance  from  it  as  would  allow  of  its  moving  freely 
under  any  oscillations.  Below  the  piece  of  lead  is  a  small 
index  of  cork,  also  transverse  to  the  rod,  which  is  dragged  on 
by  the  lead  in  any  movements,  and  stops  always  at  the  point 
of  maximum  vertical  oscillation. 

The  object  of  these  instruments  is,  Jirst^  to  determine  the 
direction  of  the  first  horizontal  undulation,  and  this  is  done  by 
means  of  the  ring  at  the  end  of  the  pendulum,  which  is  pushed 
before  it  on  the  first  impulse ;  secondly^  to  find  out  the  general 
direction  of  the  horizontal  undulations,  and  their  amplitude,  by 
means  of  the  lines  traced  by  the  same  pendulum  in  the  lycopo- 
dium powder;  thirdly,  to  ascertain  the  greatest  amplitude  of 
the  maximum  vertical  undulation  by  means  of  the  index  of  the 
vertical  seismometer;  fourthly,  to  obtain,  by  the  combination  of 
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these  two  elements,  the  magnitude  and  direction  of  the  oblique 
undulations. 

From  the  indications  of  these  two  instruments  the  following 
results  were  obtained,  during  the  successive  days  of  the  great 
earthquake.  We  do  not  attach  to  them  an  absolute  value, 
since  the  seismometers  cannot  make  perfectly  correct  observa- 
tions, when  such  movements  are  of  great  violence  and  compli- 
cation. Yet  we  believe  that  they  anord  quite  a  good  registra- 
tion of  the  phenomena,  and  will  be  useful  for  comparison  with 
those  of  other  earthquakes.     The  facts  obtained  are  as  follows. 

The  vibrations  began  during  the  months  of  April  and  May, 
in  the  northern  provinces  of  Luzon.  The  center  of  oscillation, 
as  indicated  by  the  directions  registered  at  Manila,  appears  to 
coincide  with  a  volcano,  which  has  been  long  extinct,  situated 
between  Lepanto  and  Abra,  in  the  central  Cordillera  of 
Luzon,  in  latitude  16°  22'  N.,  and  lonritude  127°  R  from  the 
Spanish  Observatory  of  San  Fernando.  At  first  the  move- 
ments were  weak  and  little  frequent ;  yet  in  the  month  of  June 
they  became  quite  intense,  and  extended  from  north  to  south 
over  a  large  zone.  This  direction  never  changed  ;  and  the  few 
discordances  recorded  appear  to  have  been  a  result  of  haste  or 
want  of  care  in  the  method  of  taking  the  observations,  exact- 
ness being  hardly  attainable  without  special  instruments  for 
the  purpose. 

Early  in  July  some  vibrations  were  felt :  yet  from  the  5th 
to  the  14th  none  were  recorded  at  Manila  for  any  point  on  the 
island. 

On  the  14th,  at  12'  58'  P.  M.,  when  a  storm  from  the  north- 
east of  Luzon  was  threatened,  as  indicated  by  an  extraordinary 
fall  of  the  barometer,  the  first  shock  occurred  in  which  it  was 
observed  that  there  were  two  centers  of  oscillation  (see  figure  1) ; 
one  in  the  second  quadrant  from  the  point  where  the  oscillation 
of  the  pendulum  of  the  horizontal  seismometer  commenced,  and 
the  other  in  the  third,  in  which  the  oscillation  of  this  first  move- 
ment— mainly  horizontal  in  direction — ended.  The  total  am- 
plitude of  the  oscillation  reached  5°  25'.  The  horizontal  pen- 
dulum left  inscribed  a  cross  whose  arms  intersected  at  a  right 
angle,  the  first  set,  from  S.  55°  E.  to  N.  55°  W.,  and  the  other, 
from  S.  40°  W.  to  N.  40°  E. 

The  first  impulse  was  in  the  direction  from  S.E.  to  N.W., 
and  the  amplitude  of  the  oscillation  in  this  direction  covered  an 
arc  of  5°  25',  all  apparently  a  result  of  the  first  shock ;  then 
the  pendulum  was  violently  oscillated  in  a  direction  perpendic- 
ular to  this,  and  with  an  amplitude  a  little  less  than  in  the 
former  case.  The  index  of  the  vertical  seismometer  was 
moved  4°™  from  its  position. 
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After  this  first  movement  there  were  two  more  shocks  at  the 
end  of  an  hoar  and  a  half.  On  the  15th  and  16th  no  percep- 
tible shocks  occurred ;  and  on  the  17th,  only  two  small  shocks. 

On  the  18th,  at  12*'  40'  p.  m.,  occurred  the  great  shock — one 
of  oeciUation  and  also  of  *'  trepidation/'  and  spoken  of  com- 
monly at  the  time  as  one  of  rotation.  Its  duration  was  70  sec- 
ooda  The  movements  of  the  pendulum  were  so  many  and 
various  that  it  is  not  possible  to  indicate  them  all,  and  we 
limit  our  descriptions  to  the  principal  directions  and  the  ampli- 
tudes of  the  same.  For  the  rest  the  reader  may  refer  to  fig.  2. 
It  may  however  be  stated  that,  in  our  opinion,  only  the  great 
oscillation  from  £.  to  W.,  which  was  the  most  regular  and 
without  violent  shocks,  corresponds  to  the  actual  inclinations  of 
the  disturbed  buildings  toward  the  west. 

1.  Maximum  oscillation,  from  S.  85°  E.  to  N.  85^  W.  {b  b\ 
the  direction  of  most  intense  oscillation) ;  amplitude  of  the 
greatest  oscillation  in  this  direction  22° — or  11°,  E.  and  11°,  W. 

2.  Maximum  oscillation,  from  S.  W.  to  N.E.  true  ;  amplitude 
19^  but  10^  10'  to  the  S.W.,  and  8°  60'  to  the  N.E. 

8.  Maximum  oscillation,  from  N.  4°  W.  to  S.  4°  E. ;  ampli- 
tude 16®,  but  9®  N.  and  only  7®  S.,  whence  it  appears  that  the 
impulse  was  from  the  north  to  the  south.  The  index  of  the 
vertical  seismometer  was  moved  34°™  from  its  position. 

From  this  time  there  was  an  uninterrupted  series  of  small 
shocks,  until  the  20th  at  8^  40'  P.  M.,  and  then  occurred  a 
repetition  of  extraordinary  violence,  though  only  movements  of 
oscillation  and  trembling;  (**  trepidation)''  occurred.  Its  dura- 
tion was  45  seconds.  The  direction  of  oscillation  was  from  S. 
80°  R  to  N.  60°  W. ;  the  amplitude  12°  30',  but  with  the  fol- 
lowing peculiarities :  there  was  no  one  total  oscillation,  but 
ihree  semi-oscillations,  indicative  of  the  great  violence  of  the 
shocks,  (see,  in  fig.  3,  the  lines  a  a\  b  6',  c  c') ;  the  pendulum,  at 
the  first  impulse  from  S.E.  to  N.W.,  reached  the  height  indi- 
cated by  the  line  a  a' ;  on  returning  to  its  point  of  departure,  it 
received  a  new  impulse  which  not  only  destroyed  the  velocity 
that  it  had  acquired  in  its  descent,  but  forced  it  to  go  a  second 
and  third  time  to  the  same  height  that  it  had  reached  after  the 
first  impulse.  The  vertical  pendulum  was  moved  24"™.  The 
direction  SS  (see  figure)  was  one  of  intense  oscillation. 

The  pendulum  continued  oscillating  during  all  the  evening 
in  a  N.R  and  S.W.  direction.  At  10^  40'  p.  M.,  occurred  a 
aecond  violent  repetition,  which  lasted  55  seconds;  and  this 
shock  had  its  peculiarities.  In  the  preceding,  the  focus  of  most 
intense  seismic  radiation  was  in  the  second  quadrant ;  in  this^  it 
began  in  the  E.  true,  yet  with  much  less  intensity  than  before  ; 
and  the  focus  before  observed  in  the  first  quadrant  continued 
to  operate  but  with  greater  violence.    In  figure  4,  we  observe 
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that  the  oscillatioa  from  E.  to  W.,  true,  had  an  amplitade  o 
10**— 5"*  to  the  E.  and  6^  to  the  W.,  but  that  in  the  direetioi 
from  N.E.  to  S.W.  the  amplitude  was  17**,  9°  to  the  S.W.  am 
8*^  to  the  N.E.  a  a\  b  b\  c  c'  are  directions  of  the  first,  seeon( 
and  third  intense  oscillations.  In  the  vertical  seismomenter  tb 
index  moved  28°^.  •     .       .     . 

Vibrations  continued ;  yet  there  was  a  marked  diminution  ii 
frequency  and  intensity.  The  pendulum,  which  had  not  beei 
quiet  since  the  18th  until  8  P.  M.  of  the  21st,  was  motionles 
for  long  intervals  in  the  three  following  days.  On  the  26th,  a 
4*^  2'  A.  M.,  another  shock  was  felt ;  it  was  of  feeble  intensitj 
yet  of  interest  since  the  record  bears  evidence  as  to  the  gradua 
change  in  the  center  of  seismic  radiation  which  had  been  ii 
progress.  The  direction  of  the  undulation  (fig.  6)  was  N.  64®  E 
to  b,  64**  W. ;  the  amplitude  of  the  oscillation  was  only  8"^  54 
No  vertical  movement  was  appreciable,  the  vertical  seismomete 
indicating  u  change  of  only  0*7"^  from  the  normal  position. 

After  this  exposition  of  the  results,  we  will  recapitulat 
briefly  the  points  established  by  the  tracings  on  the  lycopc 
dium  (.x>wder  as  shown  in  the  figures 

(I.)  In  the  registration  of  the  14th  (as  represented  in  fig.  1] 
two  radial  centers  are  shown  ;  the  first  in  the  second  quadrant 
from  the  point  at  which  the  movement  b^an,  and  the  seconi 
in  the  first  quadrant  where  it  ended. — (2.)  In  that  of  the  IStl 
abcs  we  find  the  same  two  centers,  but,  besides  these,  other  ne\ 
ones^  the  pendulum  moving  in  all  imaginable  directions.  (Se 
a^.  i)— (8  )  I"  <hat  of  8  P.  M.  of  \he  20th  (fig.  3),  the  focu 
ot  the  second  quadrant  worked  with  wonderful  violence,  anc 
the  others  had  disappeared.— (4.)  In  that  of  Itf*  40'  P.  M.  o 
the  2lHh  (see  fig.  4V  a  very  great  variation  in  the  seismic  foe 
is  shown  :  the  oscillations  from  K  to  W.,  which  correspond  t( 
the  fooi  that  In^fore  operated  with  so  great  violence,  were  gradua 
and  ot  louoh  less  intensiiv,  while,  on  the  contrary,  those  frorr 
N,R  to  SkW.  indicate  powerful  undulations  between  these  points 
— (a)  Finally,  in  that  representing  the  last  oscillation  on  th< 
mv^ming  of  the  2oth  (see  fig.  h\  there  is  manifested  only  th( 
one  :*^^i;>^uio  foous  of  ihe  first  quadrant,  and  this  of  slight  in 
tif^i$it\\  the  oiheis  having  wholly  disappeared.  In  each  of  th( 
^urvtfi  the  small  circular  dot  one  side  of  the  center  shows  th( 
jwiutiv^n  v>f  the  ring  given  bv  the  first  impulse. 

We  will  Uv^t  nv>w  odW  any  dedactioos  from  the  fiicts  ob 
^erxxfvKd^riwir  vhiIv  u>  place  them  before  thoee  rersed  in  the» 
subj^'ts  ih^t  ihev  may  themselves  study  them  without  preju 
dw  frv^^ca  our  vH^inivMis. 

XoTK  1. — It  should  be  understood  that  when  we  speak  of  th 
movtetttent  oi  the  p^KiduIum  frvKn  ooe  side  to  the  other  of  th 
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•  of  reference,  we  do  not  intend  to  say  that  the  buildings 
d  equally  with  the  pendulum,  for,  as  is  clear,  the  motion 
t  of  the  semi-undulations  is  not  an  effect  of  the  impulse 
lination  of  the  edifice,  but  of  the  velocity  acquired  in  the 
;emi-oscillation.  The  divergences  of  the  pendulum  on 
side  from  the  center  of  reference  have  been  indicated  be- 
this  fact  bears  on  the  question  whether  the  seismic  waves 
ble  sound-waves  in  the  air,  or  whether  they  are  rather 
Feet  of  upward  or  downward  movements  in  the  earth  at 
i  more  or  less  distant  from  the  place  of  observation. 
TE  2. — The  figures  have  many  lines  that  do  not  combine 
Birly  with  the  rest.  This  has  resulted  from  the  shocks 
vertical  direction,  causing  the  pendulum  to  leap  in  a  vio- 
svay  and  forcing  it  sometimes  to  abandon  one  curve  in 
to  follow  another  started  by  the  new  impulse, 
conclusion,  we  assure  our  readers  that  the  curves  as  pre- 
d  in  the  figures  were  transferred  from  the  lycopodium 
er  with  the  greatest  possible  fidelity. 

?8e  figures  have  been  copied  for  this  Journal  by  photogra- 
in  order  that  they  might  be  a  correct  transfer  from  the 
lal  plate.  Figures  1  and  5  are  of  the  same  size  as  on  the 
lal  plates ;  2,  3,  4,  have  been  reduced  one-half. — Eos. 


VI. — Papers  on  Thermometry  from  the  Winchester  Observa- 
tory of  Yale  College ;  by  Leonard  Waldo. 

—  On  the  Errors  of  the  Keto  Standards^  678,  684  and  586. 

order  to  avoid,  as  far  as  possible,  any  uncertainty  as  to 
constitutes  the  mercurial  standard  thermometer  to  which 
fistruments  sent  here  are  referred,  the  following  definition 
lis  standard  has  been  adopted  and  is  printed  upon  the  cer- 
tes  of  examination  issued  with  standard  thermometers 
here  to  be  verified.* 

e  theoretical  mercurial  stmdard  thermometer  to  which  this  instrument  has 
eferred,  is  graduated  hy  equal  volumes  upon  a  glass  stem  of  the  same  dimen- 
nd  chemical  constitution  as  the  Kew  standards  578  and  584.  The  permanent 
ig  poini  is  determined  hy  an  exposure  of  not  less  than  48  hours  to  melting 
pposing  the  temperature  of  the  standard  has  not  heen  greater  than  25°  C. 
F.  during  the  preceding  six  months.  The  boiling  point  is  determined  from 
nperature  of  the  steam  of  pure  water  at  a  barometric  pressure  of  760™™. 
9215  in.  (reduced  to  Of  C.)  at  the  level  of  the  sea  and  in  the  latitude  of  45"." 

tie  Kew  thermometers  are  supposed  to  have  their  boiling  points  as  nearly  as 
sable  at  212"  F.  =  100*  C.  at  the  temperature  of  steam  under  Laplace's 
ird  atmospheric  pressure,  or  the  atmospheric  pressure  corresponding  to  the 
injr  number  of  inches  in  the  barometric  reading,  reduced  to  32°  F., 

29-9218 +  0-0766 cos 2^ +  000000179  H, 

^  ^  =  the  latitude  and  H  is  the  height  in  feet  above  the  sea  level. — Rep. 
^.  Adv.  8ci.f  1 854,  p.  xxxli. 
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We  have  not  yet  received  from  the  Kew  Observatory  any 
farther  statement  as  to  what  the  chemical  constitution  of  the 
glass  used  in  "Kew  578 "and  "Kew  684"  is,  than  that  they 
are  blown  from  "  PowelFs  best  flint  glass."  This  does  not 
enter  into  the  subject  of  our  present  paper  and  will  be  discussed 
in  a  subsequent  one  in  connection  with  the  comparison  of  the 
Kew  standards  with  the  standard  thermometers  of  the  Kai8e^ 
liche  Normal-Eichungs-Kommission. 

The  thermometers,  Kew  578  and  Kew  684,  are  almost  exactly 
alike  with  the  exception  of  their  graduationa  Kew  686  is  so 
much  longer  and  of  so  much  larger  tubing,  that  it  was  not  thought 
wise  to  include  it  in  the  standard  to  be  established  between  (f 
and  100°  C.  The  following  is  the  description  of  these  instru- 
ments. 


Detlgnatlon. 

How  Graduated. 

Length  of  l^ 

Smalleat 
Gradnatlon. 

Tube. 
Length.      Diameter. 

Kew  678 

-    9'  to  +  105'  0. 

3*46  "■» 

0"-5 

465  »» 

6-0 — 

Kew  584 

+  U**  to  +   220''  F. 

1-87  " 

1 

465 

61  " 

Kew  585 

-  34"  to  +  2W  C. 

• 

1*73  " 

1 

618 

7-4  " 

Dealgnatlon. 


Kew  578 
Kew  584 
Kew  585 


Cyllndrtcal  Bulb. 
Length.  Diameter. 


23  ™™ 


23 


27 


14 


] 

;-2  •*   j 


6-0  "" 

5 

6 


Bemarka. 


Graduated  at  the  Kew  Observatorj, 
Jan.,  1880.    Filled  in  July,  1874. 

Graduated  at  the  Kew  Obsenratorj, 
May,  1 880.     Filled  in  July,  1874. 

.Graduated  at  the  Kew  Obseiratory, 
May,  1880.    Filled  in  July,  1874 


They  are  each  provided  with  a  chamber  at  the  upper  end  for 
the  purpose  of  calibration.  The  measured  bulbs  of  similar 
thermometers  broken  at  Kew,  give,  approximately,  a  thickness 
of  the  walls  of  the  bulb  of  0*026  inch.  With  similar  thermom- 
eters the  average  maximum  depression  of  the  freezing  point 
observed  after  the  boiling  point,  is  found  to  be  0°*17  C. 

The  following  pieces  of  apparatus  were  used  in  the  investi- 
gation, and  they  will  be  referred  to  by  the  Roman  numeral. 

I.  The  Crouch  microscope  comparator,  elsewhere  described,* 
provided  with  an  eye-piece  micrometer  by  Powell  &  Leland, 
and  an  objective  of  1  inch  equivalent  focus. 

II.  A  pair  of  microscopes  provided  with  eye-piece  microme- 
ters and  objectives  of  4  inches  eauivalent  foci,  by  Beck.  These 
microscopes  can  be  adjusted  so  tliat  their  stages  are  in  the  same 

*  Proc.  Am.  Acad.  Arts  and  Sci.,  BosL,  vol.  xiii,  1877-78,  p.  362. 
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'^  and  can  be  placed  at  varying  distances  from  each  other 
ler  to  bring  tne  two  ends  of  the  column  of  mercury  used 
libration  into  view  at  the  same  time. 
!•  A  small  vertical  cathetometer  by  Wm.  Grunow,  grad- 
i  upon  its  vertical  triangular  bar  to  single  millimeters  and 
by  a  vernier  directly  to  0*2"^;  0*06"^  can  be  readily 
ated.  The  graduation  extends  over  220™".  The  telescope 
>vided  with  an  objective  of  4  inches  focal  length  by  Beck 
m  eye-piece  micrometer  by  Rogers.  The  smallest  aivision 
le  eye-piece  micrometer  subtends  an  apparent  angle  of  89 
tes,  and  the  telescope  magnifies  20  diameters  at  the  dis- 
)  at  which  it  is  commonly  used.  The  vertical  motion  of 
elescope  is  by  means  of  a  rack  and  pinion. 
'.  The  standard  barometer,  "Jas.  Green,  N.  Y.,  957." 
mercury  column  in  this  instrument  has  a  diameter  of  0'50 
»s  nearly,  and  the  glass  tube  has  an  exterior  diameter  of 
inches.  The  exterior  diameter  of  the  glass  cistern  at  its 
is  1*60  inches.  The  vernier  reads  by  estimation  to  0*001 
3S,  and  the  scale  is  set  about  0*01  inches  lower  than  the  meas- 
height  above  the  ivory  point  which  is  adjusted  on  Fortin's 
jipal  at  the  base,  in  order  to  correct  for  capillarity  of  the 
The  length  of  the  brass  tube  is  expressed  in  terms  of 
standard  United  States  Coast  Survey  yard,  to  within  any 
■8  appreciable  in  its  readings.  It  read  within  0*001  inch 
le  standard  barometer  kept  by  Mr.  Green  as  representing 
itandard  of  the  Kew  Observatory,  in  October  of  this  year, 
r  comparison  it  was  carefully  transferred  to  New  Haven 
and,  and  since  that  date  has  been  hung  at  the  level  of  the 
ng-point  apparatus  to  be  described.  The  attached  ther- 
leter  has  a  correction  of  — 0°*2  at  the  freezing-point,  and 
0°'7  at  80°  F.  The  barometer  from  the  cistern  upward  is 
)ped  in  cotton-wool  to  keep  the  temperature  as  constant  as 
ible  and  to  insure  an  accurate  determination  of  it  by  means 
le  attached  thermometer. 

.  The  freezing  point  apparatus,  which  consists  of  a  tinned 
vessel  within  another,  the  space  between  them  filled  with 
m  wool.  The  inner  vessel  holds  two  liters  of  melting  snow 
3e.  There  is  provision  for  the  escape  of  the  water  into  a 
e  at  the  bottom  of  the  inner  vessel,  protected  from  radia- 

L  A  boiling-point  apparatus  constructed  of  brass  after 
nault's  plan.  The  diameter  of  the  inner  steam  chamber  is 
,  and  the  apparatus  is  provided  with  a  water  manometer  to 
)  the  pressure  constant 

II.  A  boiling-point  apparatus,  constructed  entirely  of  glass, 
I  a  single  steam  chamber  extending  to  a  height  of  71*^ 
Fe  the  surface  of  the  boiling  water.     A  water  manometer 
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has  its  connection  at  the  level  of  the  thermometer  bulbs,  and  a 
small  thermometer  is  inserted  at  the  top  of  the  steam  chamber 
to  assure  the  observer  that  the  temperature  at  the  top  is  at 
100°  C.  The  escape  of  the  steam  is  through  a  small  vent  at 
the  top  of  the  tube,  and  the  amount  of  its  opening  is  controlled 
by  a  small  brass  plate. 

The  details  of  the  calibration  of  the  Kew  thermometers  have 
been  furnished  us  by  the  courtesy  of  Mr.  Whipple ;  it  has  been 
so  carefully  done  that  it  seemed  necessary  only  to  rigorously 
examine  the  thermometer  at  long  intervals,  for  errors  depend- 
ing on  this  cause.  The  results  of  our  calibration  are  given  in 
the  following  table.  The  observations  were  made  with  appa- 
ratus II,  and  special  care  was  taken  to  guard  against  any 
changes  of  temperature.  The  reduced  results  are  as  follows, 
where  each  line  is  the  mean  of  three  observations: — 


aiier- 
mometer 


Kew  678 


Kew  584 


Kew  585 


Date. 


1880 
Oct.  15 


Oct  15 


Oct  15 


Extreme  readings, 


—  ih     +33*^6 


+  31-0 
+  63-7 


+  65-1 
+  98-6 


+  32*2     +82-3 

+  761  +127-3 

+  1191  +170-1 

+  162-2  +213  2 

—  1-0  +50-9 

+  490  +100-9 

+  991  +151-7 

+  148  9  +201-0 

+  199-2  +250-8 


Computed 
lenffth  of 
column. 


Correction  for 
calibration  error. 


32-487 
32-507 
32-487 

49-040 
49-068 
49-078 
49060 

49-813 
49-843 
49-820 
49-807 
49-747 


At32*'C. 
65°C. 
99°C. 

79°F. 
123  "P. 
166"^ 
212'F. 

50"C. 

lOO^C. 
150^0. 
150^0. 
250''C. 


+  0-007 
-0-014 
+  0-007 

+  0-021 
—  0-006 
-0-016 
+  0-001 

+  0-016 
+  0-000 
+  0-008 
+  0029 
+  0-110 


Bemarki. 


The  observationB  were  aB 
made  by  daylight  and  atom 
sitting  for  each  theitnomelflr. 

The  extreme  variatioitB  ol 
the  temperature  of  the  looi 
during  the  observations,  at 
measured  by  two  thennon 
eters,  one  at  each  end  of  tin 
tube  being  measured,  was  a 
follows : 

Kew  678  =  0*'-0  F. 

584  =  01 

585  =  O-I 


The  length  of  the  column  used  for  the  Kew  calibration,  and 
by  which  the  thermometers  were  graduated,  was  5°*026  C.  for 
Kew  678,  10°-405  for  584,  and  10^-673  for  Kew  585.  We 
may,  therefore,  conclude  that  between  0**  and  100°  C.  the 
errors  of  the  three  Kew  standards,  depending  on  the  calibra- 
tion, are  practically  insensible ;  for  the  errors  shown  above  are 
too  small  to  be  certainly  detected,  owing  to  the  width  and 
irregularity  of  the  lines  which  make  up  the  graduation  of  the 
thermometer  scales. 

Accidental  errors  of  graduation  could  not  be  guarded  against 
except  by  the  direct  examination  of  every  degree,  and  that 
accordingly  has  been  done. 

The  tedious  examination  of  each  degree  was  accomplished 
with  the  aid  of  Professor  J.  E.  Kershner,  now  of  the  Franklin 
and  Marshall  College,  but  who  was  until  recently  connected  with 
the  observatory.     We  used  the  apparatus  I,  and  each  degree 
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tasured  twice.  The  resulting  means  were  expressed  in 
►f  hundredths  of  one  division  of  the  eye-piece  microm- 
id  gave  a  subdivision  of  about  :j^^,  ^jho  ^^^  ttVtt  ^^  1^ 
3ases  of  Kew  578,  584  and  585  respectively.  There  were 
2300  separate  micrometer  readings  made,  and  the  result 
reductions  shows  that  no  sensible  accidental  errors  have 
itroduced  into  the  graduations  of  these  standards.  The 
iry  width  of  the  single  graduations,  taken  in  connection 
be  comparatively  rough  construction  of  a  thermometer 
)revents  any  very  accurate  measures  being  made ;  I  had 
ed  for  publication  the  measures  we  made  upon  these 
rds,  in  order  to  show  what  degree  of  precision  we  might 
jxpect  with  etched  lines  of  a  coarseness  sufficient  to  be 
'  visible  to  the  naked  eya  So  much  space  was  occupied 
3e  results  however  that  it  now  seems  hardly  expedient  to 
1  them  in  this  placa 

following  determination  of  the  boiling  and  freezing 
have  been  corrected  for  exposure  of  stem,  and  have 
•educed  to  the  level  of  the  sea  in  the  latitude  of  45°. 
titude  of  the  observing  station  is  41**  18' ;  the  height  of 
rometer  cistern  (and  of  the  boiling  point  apparatus)  is 
t  above  the  mean  high  water  of  Long  Island  Sound, 
determination  is  the  mean  of  from  three  to  five  catheto- 
readings,  and  with  the  exception  of  the  freezing  point 
linations  succeeding  the  boiling  point  determinations  in 
ne  day,  the  freezing  points  were  observed  after  a  long 
ire  (48  hours  or  more)  to  a  temperature  of  freezing. 


Correction  at 

Correction  at 

aometcr. 

Date.  1680. 

freezing  point. 

boiling  point. 

Remarks. 

7  578 

Nov.  25 

0°00 



Dec.     1 

0-00 

—  •  •  • 

"       1 

•  -  -  • 

+  0''-01 

Apparatus 

I  VII. 

"       1 

+  0-18 

•  -  •  _ 

' 

"       3 

«  »  w  «» 

+  004 

.1 

VII. 

"       6 



+  0-03 

(t 

VII. 

nr584 

N<y.  25 

+  0-10  F. 

"     26 



+  0-19  F. 

t( 

VI. 

'*     26 

+  0-38 

w    ^    ^     s 

*•     26 



+  019 

It 

VI. 

"     29 



+  0-20 

11 

VI. 

"     30 



+  0-22 

(i 

VI. 

Dec.    1 



+  0-21 

(t 

VTI. 

"       1 

+  0-32 



w585 

Oct.   16 

0-00 

Nov.    2 

+  015 

u 

VI. 

•       2 

+  d]0* 



"     29 



+  0-15 

(( 

VI. 

•'     30 



+  0-15 

(i 

VI. 

Dec    1 

+  6-22 

+  011 

41 

VII. 

"       I 

+  0-22 

[To  be  coDtlDued.] 
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Art.  Vn. — James  Oraig  Watson. 

James  Craig  Watson,  Professor  of  Astronomy  in  the 
University  of  Wisconsin,  and  Director  of  the  Washburne  Ob- 
servatory at  Madison,  Wis.,  died  on  the  morning  of  Nov.  28^ 
1880,  after  an  illness  of  one  week,  at  the  age  of  forty-two  years 
and  ten  months.  Professor  Watson  was  one  of  the  most  gifted 
and  distinguished  of  modem  astronomers,  and  his  life-work  is 
identified  with  the  name  of  the  University  of  Michigan. 

He  was  born  of  American  parentage,  during  a  sojourn  of 
his  parents  in  Middlesex  (now  Elgin)  County,  Ontario,  January 
28,  1888.  The  mathematical  genius  revealed  by  the  boy  at 
the  early  age  of  nine,  determined  the  father  to  secure  him  a 
liberal  education  ;  and  the  family  accordingly  removed  to  Ann 
Arbor,  in  1850.  Here  James  displayed  equal  aptitude  for 
mathematical  and  linguistic  studies,  and  beinc:  prepared  for 
college,  almost  without  the  evidences  of  effort,  he  entered  the 
University  of  Michigan  in  the  autumn  of  1858.  He  attained 
equal  scholarly  distinction  as  a  student  of  ancient  and  modern 
languages,  and  of  mathematics.  It  is  said  that  before  the  close 
of  his  Junior  year,  he  had  performed  the  phenomenal  feat  of 
reading  from  beginning  to  ena  the  M6canique  C61este  of  Laplace. 
During  his  Senior  year,  he  was  the  solitary  pupil  of  Dr.  Briin- 
now,  and  graduated  in  1857.  His  mechanical  tact  was  such 
that  in  the  absence  of  a  mathematical  bent  he  would  have 
become  an  eminent  mechanician  and  inventor.  While  in  col- 
lege, some  of  his  spare  hours  were  spent  in  grinding  lenses  and 
the  construction  or  a  telescope.  Otner  portions  of  his  time  he 
was  compelled  to  devote  to  the  earning  of  means  to  defray 
collegiate  expenses. 

During  the  two  years  succeeding  his  graduation,  he  was 
employed  as  assistant  in  the  Observatory,  and  in  the  prosecu- 
tion of  studies  for  his  second  degree.  In  this  work  he  displayed 
such  remarkable  aptitude  as  an  observer,  anti  such  marvelous 
rapidity  in  his  computations  that,  on  the  retirement  of  Dr. 
Briinnow,  in  June,  1859,  young  Watson  succeeded  him  in  the 
chair  of  Astronomy.  He  was  already  known  as  a  frequent 
contributor  to  the  American  Journal  of  Science,  Briinnow*8 
Astronomical  Notices,  Gould's  Astronomical  Journal,  and  the 
Astronomische  Nachrichten  of  Altona.  Not  less  than  twelve 
communications  written  before  he  was  twenty-one  are  recorded 
in  the  Royal  Society's  Catalogue  of  Scientific  Papers,  which 
also  enumerates  twenty-one  others  between  1859  and  1874. 
His  wonderful  keenness  as  an  observer  was  signalized,  while 
yet  an  undergraduate,  by  the  discovery  of  a  comet  on  the  29th 
day  of  April,  1856,  and  four  months  after  graduation,  by  the 
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liacovery  of  a  planet  on  the  20th  of  October,  1857,  which, 
lowever,  proved  to  have  been  observed  by  Luther  a  few  days 
t>eforey  and  has  been  named  Aglaia.  His  observations  of 
Dooati's  comet,  in  1858,  possess  a  standard  value,  and  his  com- 
patatioD  of  the  orbit  is  recognized  as  authoritative.  The 
interest  awakened  b^  this  comet  prompted  to  the  preparation 
of  **A  Popular  Treatise  on  Comets,    published  early  in  1860. 

In  1860,  Dr.  Brilnnow  resumed  the  directorship  of  the  obser- 
Tatory,  and  young  Watson  was  assigned  to  the  chair  of  Physics 
in  the  University,  which  he  retained  for  three  years,  when,  on 
the  final  retirement  of  Dr.  Briinnow,  Watson  was  made  Professor 
of  Astronomy  and  Director  of  the  observatory — a  position  which 
he  held  and  honored  for  sixteen  years.     Scarcely  had  he  been 
dotbed  with  full  control  of  the  instruments  when  he  resumed 
his  remarkable  career  of  discovery.     There  seemed  almost  a 
magic  in  his  powera     Unrecognized  celestial  objects  seemed 
to  crowd  spontaneously  upon  his  notice.     On  September  14, 
186S,  he  made  his  first  inaependent  planetary  discovery.    This 
was  Eurynome,     On  January  9,  1864,  he  discovered  the  comet 
since  known  as  1868,  YI,  which  Bespighi,  as  it  proved,  had 
dready  noteiL     On  the  9th  of  October,  1865,  he  discovered  a 
planet  which  also  proved  to  have  been  announced  by  Peters, 
and  has  since  been  named  lo.     He  discovered  Minerva^  August 
24,  and  Aurora^  September  6,  1867.     During  1868,  he  added 
DO  less  than  six  minor  plants  to  the  solar  system,  furnishing 
the  only  instance  in  which  the  list  of  planetary  discoverers  pre- 
sents the  same  name  four  times  in  immediate  succession. 

Meantime  he  was  engaged  upon  a  work  which  might  well 

have  engrossed  all  his  powers,  and  must  have  quite  exceeded 

the  abilities  of  any  but  a  gifted  mathematical  genius.     It  was 

DO  less  than  a  complete  digest  of  the  results  and  methods  of  all 

the  great  writers  on  theoretical  astronomy,  and  an  independent 

development  of  the  great  principles  of  the  science.     "Having 

carefully  read  the  works  of  the  great  masters,"  he  says  in  his 

preface,   "my  plan  was  to  prepare  a  complete  work  on  the 

subject,    commencing    with    the    fundamental    principles   of 

;    dynamics,  and  systematically  treating,  from  one  point  of  view, 

I    all  the   problems  presented."      This   broad    plan,    conceived 

by  a  young  man  of  twenty-eight,  and  completed  when  twenty- 

dIdc,  was  executed  with  ability  so  commanding,  that  the  work, 

[    on  its  appearance,  in   1869,  was  immediately  accepted  as  an 

[    authoritative  exposition  of  the  higher  principles  ana  processes 

of  dynamical  astronomy,  and  was  made  a  text-book  at  Leipzig, 

at  Paris  and  at  Greenwich.     The  same  year  he  was  sent  by  the 

General  Government  on  an  expedition    to  observe   the  solar 

eclipse  at  Mt.  Pleasant,  Iowa;    and    in  1870,  to   Carlentini, 

Sicily,  for  a  similar  purpose.     In  1874  he  was  appointed  lo  the 
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charge  of  an  expedition  to  Peking,  China,  to  observe  the 
transit  of  Venus.  His  observations  were  favored  by  the 
weather  and  conducted  with  consummate  skill.  The  results, 
though  reduced  and  discussed,  are  not  yet  published.  Even  at 
the  antipodes,  fresh  discoveries  awaited  him.  He  had  already 
raised  his  list  of  planetary  discoveries  to  seventeen,  and  now 
added  Jutwa^  the  eighteenth.  In  1876,  he  was  one  of  the 
Judges  of  Awards  at  the  Centennial  Exposition,  and  wrote  the 
celebrated  **  Report  on  Horological  Instruments."  In  1878 
also  appeared  his  Tables  for  the  Calculation  of  Simple  and 
Compound  Interest — a  work  which,  in  spite  of  the  subject,  is 
marked  by  great  originality,  and  demanded  a  vast  amount  of 
wearisome  labor.  The  same  year  he  was  sent  by  the  General 
Government  in  charge  of  an  expedition  to  Wyoming,  to  observe 
the  total  solar  eclipse.  Professor  Watson,  paving  long  enter- 
tained a  belief  in  the  existence  of  an  intra-mercurial  planet,  as 
well  as  of  an  extra-neptunian  one,  gave  special  attention,  at  this 
time,  to  a  search  for  the  former,  and  was  the  first  astronomer  to 
note  certainly  (July  29,  1878)  the  existence  and  position  of  the 
planet  Vulcan.  He  also  satisfied  himself  of  the  existence  of  a 
second  intra-mercurial  planet  This  brought  the  number  of 
his  original  planetary  discoveries  to  twenty-six  (including  one 
lost  July  29,  1873,  and  two  anticipated).  He  was  now  ani- 
mated by  an  intense  desire  to  control  instruments  of  suitable 
power  and  adjustment  to  confirm  his  last  observations,  and 
enable  him  to  detect  the  outlying  planet  beyond  Neptune 
Coincidently  came  the  invitation  to  assume  the  charge  of  the 
Washburne  Observatory  at  Madison,  Wisconsin,  which  was  to 
be  improved  and  newly  equipped  with  instruments  far  more 
efficient  than  those  at  Ann  Arbor.  The  temptation  was  greatj 
but  he  naturally  clung  to  his  Alma  Mater,  whose  authorities 
made  such  efibrts  as  they  thought  authorized  to  content  their 
astronomer.  But  the  requisite  means  could  only  be  obtained 
by  a  grant  from  the  legislature — a  measure  defeated  by  an 
inadequate  appreciation  of  the  honor  shed  upon  the  State  by 
such  a  name  as  Watson's.  Reluctantly,  but  sustained  by  a 
high  and  noble  aspiration,  he  removed,  in  the  summer  of  1879, 
to  Madison,  and  immediately  devoted  himself  with  intense 
energy  to  remodeling  the  observatory  structure,  and  introduc- 
ing some  original  provisions  thought  to  be  suited  to  the  special 
researches  on  which  he  was  bent.  A  cellar  twenty  feet  deep 
was  sunk  at  the  bottom  of  the  first  slope  of  observatory-hill. 
Into  this,  light  was  to  be  thrown  through  a  long  tube,  from 
powerful  reflectors  on  the  top  of  the  hill.  This,  with  other 
accessory  work,  was  actually  m  progress,  when  a  severe  cold 
brought  on  peritonitis,  which  over-confidence  in  his  physical 
powers  permitted  to  reach  a  fatal  stage  before  medical  aid  was 
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imoned.  His  remains,  accompanied  by  an  escort  from  the 
varsity  of  Wisconsin,  were  removed  to  Ann  Arbor,  where 
J  lay  in  state,  in  the  university,  during  the  25th  of  Novem- 

and  on  the  following  day,  with  due  honors  and  imposing 
^monies  conducted  by  his  late  colleagues,  were  reverently 

beneath  the  shade  of  Oak  wood  Cemetery. 
^rofessor  Watson  possessed  extraordinary  intefllectual  endow- 
its.  His  (quickness  of  perception  nothing  escaped.  His 
theraatical  mtuitions  scorned  the  ordinary  processes  of  cal* 
ition,  and  gave  him  a  masterly  command  of  mathematical 
ic  and  formulae,  which  made  so  many  portions  of  his  work 
Theoretical  Astronomy  strictly  original,  and  all  parts  vir- 
lly  his  own.  Yet  he  never  mentions  any  claim  to  origin- 
y,  but  pursues  his  majestic  intellectual  march  with  the 
niiy  almost  of  an  inspiration.  His  memory  served  him 
lally  well.  It  was  both  circumstantial  and  philosophical, 
ery  new  observation  was  immediately  illuminated  oy  all 
ich  he  had  previously  observed  or  known,  and  he  saw 
tantly  the  proper  conclusions.  His  mechanical  gifts  gave 
Q  perfect  command  of  instruments  and  their  construction, 
i  the  Washburne  Observatory  would  have  been  equipped 
Lb  several  of  his  inventions.  His  versatility  extended  to 
itters  of  business.  He  was  for  years  the  Actuary  of  the 
chigan  Mutual  Life  Insurance  Company,  and  performed 
Tice  pronounced  invaluable.  He  managed  his  private  means 
th  such  success  that  he  died  possessed  of  a  considerable  for- 
ae  which  his  will  secures  to  the  National  Academy  of  Science, 
lysically,  he  was  vigorous  and  healthy,  and  reached  in  the 
5t  years  of  his  life,  a  weight  of  two  hundred  and  forty  pounds. 
is  religious  nature  held  fast  to  the  fundamental  religious 
jliefs.  He  used  to  say  it  is  impossible  for  a  mathematician  to 
} an  atheist;  and  his  works  offer  frequent  recognition  of  the 
jing  of  the  supreme  Creator  and  Governor  of  the  Universe. 
The  world  was  not  slow  to  recognize  his  worth.  He  was 
ected  a  member  of  the  National  Academy  of  Science,  in  1867, 
id  of  the  Royal  Academy  of  Sciences  in  Italy,  in  1870.  He 
iceived  the  degree  of  Doctor  of  Philosophy  from  the  Univer- 
ty  of  Leipzig,  in  1870  ;  and  the  French  Academy  of  Sciences 
)nferred  upon  him  the  Lalande  gold  medal  for  the  discovery 
I  six  new  planets  in  one  year.  Yale  College  honored  him 
ith  the  degree  of  Doctor  of  Philosophy,  in  1871.  In  1875, 
le  Khedive  made  him  Knight  Commander  of  the  Imperial 
Irder  of  Medjidich  of  Turkey  and*  Egypt  He  was  elected 
nember  of  the  American  Philosophical  Society  in  1877,  and 
eceived,  the  same  year,  the  degree  of  Doctor  of  Laws  from 
Jolarabia  College.  A.  wiNCHKLL. 
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SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  PnYSica 

1.  On  the  existence  of  Ozone  in  the  Atmosphere. — In  an  elab- 
orate paper  upon  the  reactions  hitherto  relied  on  to  prove  the 
presence  of  ozoile  in  the  atmosphere,  Schone  has  discussed  the 
value  of  the  chemical  evidence,  and  concludes  that  we  have  at 
present  no  test  by  which  the  existence  of  ozone,  in  the  small  quan- 
tity likely  to  be  present  in  the  air,  can  be  established.  Since  the 
author  has  previously  shown  that  hydrogen  peroxide  is  a  normal 
constituent  of  atmospheric  air,  the  question  now  raised  is  whether 
ozone  is  also  present.  The  tests  used  therefore  must  discriminate 
between  these  two  substances.  Schonbein  proposed  three  of 
these  tests ;  the  production  of  free  iodine  and  potassium  hydrate 
from  potassium  iodide ;  the  oxidation  of  thallous  to  tballic  oxide ; 
and  the  oxidation  of  manganous  to  manganic  oxide.  The  author 
has  proved  that  the  first  two  reactions  take  place  readily  with 
hydrogen  peroxide ;  and  that  the  latter  requires  a  trace  of  am- 
monium carbonate ;  the  paper  then  turning  brown  not  only  by 
the  peroxide  but  even  by  oxvgen  alone.  Houzeau's  test,  red  lit- 
mus paper,  dipped  in  potassium  iodide  solution,  also  reacts  with 
HO,  as  with  ozone.  The  proofs  offered  by  Andrews,  that  air 
which  acted  on  potassium  iodide,  lost  this  property  on  heating  to 
260*^  or  by  contact  with  manganese  dioxide,  are  as  well,  if  not 
better  explained  by  the  existence  of  HO,  in  the  air.  The  onlv 
reagent  known  by  which  ozone  could  Ibe  absolutely  detected  u 
metallic  silver.  But  no  observer  has  yet  noticed  the  blacken- 
ing of  metallic  silver  in  atmospheric  air  free  from  sulphur  com- 
pounds. The  author  exposed  pure  silver  plates  near  Moscow  for 
five,  six,  and  seven  weeks  without  change.  As  to  the  odor, 
Schone  says  that  in  1876  he  had  the  opportunity  of  trying  this,  a 
lightning  stroke  having  taken  place  in  his  vicinity.  Though  en- 
tirely familiar  with  the  odor  of  ozone,  there  was  not  the  "  remotest 
similarity"  between  this  and  the  odor  produced  by  the  lightning; 
which  recalled  more  that  produced  by  burning  gunpowder. 
Moreover,  it  is  in  proof  that,  like  the  electric  spark,  lightning 
causes  the  nitrogen  and  oxygen  to  unite,  but  does  not  prddace 
ozone,  which  is  formed  only  by  the  silent  discharge.  Again,  di- 
rect tests  with  thallium-paper  showed  no  direct  relation  between 
the  odor  and  the  oxidizing  power  of  a  given  portion  of  air.  The 
author  by  no  means  denies  the  existence  of  ozone  in  the  atmos- 
phere, even  coexistent  with  hydrogen  peroxide,  the  two  reacting 
on  each  other  very  slowly.  But  he  maintains  that  there  is  no 
experimental  evidence  of  ,its  presence. — JBer.  Bert,  Chem.  ©«., 
xiii,  1603,  Sept.,  1880.  G.  F.  B. 

2.  On  the  Meteor oloyical  use  of  Thallium-papers. — Schoekb 
has  given  in  a  subsequent  paper,  the  results  of  an  extended  series 
of  experiments  on  the  use  of  thallium-paper  for  estimating  ap- 
proximately the  oxidizing  material  in  the  atmosphere,  whether 
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be  bydrogeD  peroxide  alone,  or  mixed  with  ozon.e,  or  perhaps 

0  with  other  constituents  hitherto  unknown.  The  objection  to 
idnbein's  ozonometer  (potassium  iodide  on  starch  paper)  and 
Houzeau's  ozonometer  (potassium  iodide  on  red  litmus  paper) 
3  in  the  fact  that  their  materials  are  hygroscopic  and  their  in- 
*jition8  vary  widely  with  the  moisture  of  the  air.  Since  dry 
>ne  does  not  act  on  these  papers,  they  must  be  moistened ;  and 
m  the  amount  of  moisture  varies  the  result  quite  as  much  as 

1  amount  of  ozone.  Indeed,  attention  has  been  called  to  the 
ger  amount  of  ozone  near  salt-works  and  waterfalls,  and  the 
"oneons  opinion  advanced  that  ozone  is  formed  when  water  is 
ely  divided.  And  Bdttger  has  stated  that  ozone  is  formed 
len  ether  is  atomized ;  the  fact  being  that  the  reaction  he  ob- 
•ved  was  due  to  the  H,0,  always  present  in  ether.  Direct  ex- 
riments  with  the  Schonbein  ozonometer  and  the  psychrometer 
ve  parallel  curves ;  whence  the  author  regards  the  former  as 
1y  a  crude  hygrometer.  These  objections  do  not  lie  against 
e  thallium-paper,  the  oxidation  to  brown  oxide  by  either  ozone 
hydrogen  peroxide,  not  requiring  the  presence  of  moisture,  and 
e  color  therefore  being  independent  of  the  hygrometric  state  of 
e  air.  Moreover,  when  well  cared  for  the  papers  undergo  no 
rther  change  of  color  and  may  be  preserved  indefinitely.  The 
ithor  prepares  the  thallium-paper  a  few  days  before  use,  by  dip- 
Dg  strips  of  Swedish  filtering  paper  in  a  solution  of  thallous  hy- 
ute,  and  drying.  The  solution  is  prepared  by  pouring  a  so- 
lion  of  thallous  sulphate  into  a  boiling  solution  of  barium. hy- 
ute,  equivalent  quantities  being  taken,  the  resulting  solution  of 
lallous  hydrate  being  concentrated  in  vacuo  until  100  c.c.  con- 
ins  10  erams  Tl(OH).  P^or  use  the  strips  are  hung  in  the  free 
r  in  a  close  vessel,  preferably  over  caustic  lime,  for  twelve  hours, 
ther  papers  are  used,  made  with  a  two  per  cent  solution.  These 
•e  exposed  for  thirty-six  hours.  The  coloration  is  determined 
f  comparison  with  a  scale  having  eleven  degrees  of  intensity 
pen  it.     Compared  with  Schonbein's  ozonometer,  the  results  are 

I  general  directly  opposite.  The  thallium  papers  show  that  the 
reatest  effect  is  in  the  daytime,  the  iodide  papers  that  it  is  at 
ight.  Yearly  curves  show  that  the  former  generally  indicate  a 
86  when  the  latter  giv6  a  fall.  The  iodide  curve  follows  closely 
lat  of  relative  humidity,  clouds  and  rain ;  the  thallium  curve 
ands  in  no  relation  to  it.  A  table  of  results  for  the  year  1879 
given  in  monthly  means,  of  the  two  thallium  papers,  the  ozon- 
meler,  the  relative  humidity,  cloudiness,  rain,  and  velocity  of 
ind. — Ber,  Berl,  Chem,  Ges.^  xiii,  1508,  Sept.,  1880.  g.  f.  b. 
3.  On  the  nature  of  the  Petroleum  from  the  Caucasus. — Beil- 
reix  and  Kubbatow  have  examined  the  more  volatile  portions 
f  the  petroleum  obtained  at  Baku  in  the  Caucasus,  in  order  to 
ompare  this  material  with  American  petroleum.  It  had  been 
baerved  that  the  Caucasus  fractions  had  a  greater  specific  grav- 
ty  than  American  fractions  of  the  same  boiling  point ;  and  this 
ict  led  to  a  distrust  of  the  illuminating  oils  prepared  from  the 
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former.  But  Wilm  and  Biel  showed  that  these  Russian  oils  had 
an  illuminating  power  ten  per  cent  higher  than  the  American  oils 
and  Biel  observed  that  these  oils  of  higher  gravity  rose  more  eas* 
ily  through  the  wicks.  This  removed  the  public  prejudice  and 
importation  of  American  petroleum  has  almost  ceased.  The  sam- 
ples now  examined  by  the  authors  were  prepared  by  careful  dis- 
tillation from  the  natural  oil.  After  nine  fractionings,  using 
Glinsky's  dephlegmators,  no  fractions  were  obtained  of  constant 
boiling  points,  although  for  the  same  boiling  point,  the  products 
showed  considerably  higher  specific  gravities  than  American  oils. 
Thus  below  80**  the  Russian  oil  had  a  gravity  of  0*717,  while 
American  petroleum  gives  hexane  of  gravity  0'669.  From  80**  to 
85*,  the  gravity  was  0-733;  85°  to  90°,  0741 ;  90°  to  96%  0-745; 
96°  to  100°,  0-748;  100°  to  105°,  0-752.  American  petroleum 
yields  heptane  between  95°  and  100°,  of  gravity  0-699.  Thinking 
that  this  difference  might  be  due  to  a  mixture  of  the  hydrocarbons 
C^H,^j  with  the  ordinary  C^H^,^.,  series,  the  fraction  80°  to  85® 
was  agitated  with  fuming  sulphuric  acid ;  bat  no  trace  was  de- 
tected. Analysis  gave  C  85-23,  H  15-11 ;  which  corresponds  more 
nearly  to  C^H^n;  showing  that  the  Caucasian  petroleums  are 
poorer  in  hydrogen  than  the  American.  But  these  hydrocarbons 
are  not  homologues  of  ethylene,  since  bromine  does  not  act  on 
them  in  the  cold.  When  warmed,  decolorization  ensues  but  with 
evolution  of  HBr,  proving  substitution.  Further  study  proved 
that  the  hydrocarbons  of  Caucasian  petroleum  were  identical  with 
the  addition-products  of  hydrogen  to  the  aromatic  hydrocarbons 
C^H,^^.  As  exan.ined  by  Wreden,  these  are : — hexahydrobenzene 
C^Hjj,  gravity  076  at  0°,  boiling  point  69°;  hexahydrotoluene 
C,H,^  gravity  0-772  at  0°,  boiling  point  97° ;  and  hexahydroisoiy- 
lene  C^H,^,  gravity  0-777  at  0°,  boiling  point  118°.  The  petroleum- 
products  confirmed  Wreden's  data  entirely,  being  exceedingly 
indifferent  to  chemical  reagents.  From  the  fraction  115°  to  120  , 
containing  hexahydroisoxylene,  trinitroisoxylene  was  prepared 
identical  with  that  from  metaxylene.  Heated  on  the  water  bath 
with  fuming  sulphuric  acid,  the  hydrocarbon  is  charred  and  de- 
stroyed, yielding  no  sulpho-acid.  When  the  fraction  90°  to  96®  ia. 
dissolved  in  a  mixture  of  one  part  nitric  and  two  parts  sul- 
phuric acid,  CO,  is  steadily  evolved  and  nothing  separates  or^ 
dilution  with  water.  One  part  of  the  fraction  95°  to  100°  boile 
with  four  parts  nitric  acid  of  1-38  until  red  vapors  cease,  gave  a 
acid  liquid  containing  acetic  acid,  considerable  succinic  acid  an 
a  large  quantity  of  oily  non-volatile  acids.  The  supernatant  oil 
layer  gave  on  fractioning,  a  distillate  between  101°  to  103°, 
sentially  hexahydrotoluene;  and  a  second,  210°  to  216**,  having 
the  formula  C,H,jNO,  either  a  nitro-product  or  a  nitrous  ether.- — 
Ber,  BerL  Ghent,  Ges.,  xiii,  1818,  October,  1880.  g.  p.  b. 

4.    On  a   new  Hydrocarbon  from   Sequoia  gigantea. — Lunqs 
and  Steinkauler  have  published  a  preliminary  note  on  certain 
productH  obtained   from   Sequoia  gigantea  Torr.      Stems  about 
three   meters   long,   furnished   by   Frdbel   &   Co.,  gardeners  in 
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Zurich,  were  used  for  the  preparation  of  these  productB.     The 
needles,  in  which  the  peculiar  odor  seemed  to  be  most  abundant, 
were  stripped  from  the  twigs  and  distilled  with  water  in  a  large 
copper  retort  in  a  cnrrent  of  steam  from  a  boiler.     The  distillate 
was  agitated  with  ether  and  the  ether  distilled  off.     The  early 
portions  of  the  distillate  gave  only  a  solid  residue,  the  next  gave 
a  mixture  of  solid  and  liquid,  and  the  last  portions  only  an  oil. 
The  solid  substance  was  with  some  difficulty  obtained  crystallized. 
It  is  very  soluble  in  alcohol,  ether,  benzene  and  chloroform.     In 
ligroin  (petroleum  naphtha)  it  is  less  so.     In  glacial  acetic  acid,  it 
is  soluble  only  on  heating.     By  covering  its  solution  in  this  acid 
with  a  layer  of  water,  the  gradual  solution  of  the  acid  caused  a 
deposition  of  this  body  in  small  crystal  plates,  fusing  at  105®. 
They  are  white,  have  a  bluish  fluorescence,  and  possess  the  pene- 
trating aromatic  odor  of  Sequoia  in  a  high  degree.     When  thus 
concentrated,  it  recalls  the  odor  of    peppermint.      Its  boiling 
point  was  between  290®  and  300^,  and  it  gave  on  analysis  C  93*55, 
H  6-09,  corresponding  to  the  formula  Cj,H,,^.     Its  vapor  density 
by  V.  Meyer's  method,  was  81  »7;  the  above  formula  requires  83. 
lliis  empirical  formula  is  that  of  fluorene ;  but  its  fusing  point 
and  general  properties  distinguish  it  from  this  body.     The  authors 
give  it  the  name  sequoiene  and  are  engaged  in  its  study.     The 
liquid  distillates  gave:  (1)  a  colorless  oil  boiling  at  155°;  (2)  a 
slightly  yellow  oil,  fusing  point  190°-200°;  (3)  a  yellow  oil  fus- 
ing. at*240*';  and  (4)  a  solid  body  ftising  at  290°-300**  evidently 
sequoiene. — Ber,  Merl.  Chem,  Ges,,  xiii,  1656,  Sept.,  1880. 

G.  p.  B. 
6.  On  Bdyer*8  Synthesis  of  Indigothi, — Rosenstiehl  has 
given  a  summary  of  the  processes  discovered  and  patented  by 
Biyer  for  the  synthesis  of  indigotin.  The  point  of  departure  in 
both  of  these  is  cinnamic  or  phenyl-acrylic  acid,  C^Hj  (C,H,OJ. 
Nitric  acid  produces  from  this  nitrocinnamic  acid,  the  nitryl  occu- 
pying  the  ortho  position  in  that  form  of  the  acid  which  yields 
indigotin.  The  orthonitrocinnamic  acid  is  transformed  by  known 
processes  either  into  orthonitropheiiylpropiolic  or  into  orthonitro- 
phenyloxy  aery  lie  acid,  according  to  the  process  to  be  followed 
subsequently.  To  transfonn  it  into  orthonitrophenylpropiolic 
acid,  the  orthonitrocinnamic  acid  is  brominated,  giving  CJI^ 
(NOJ(C,H  Br,OJ.  By  the  action  of  alkali  in  boiling  alcoholic 
solution  (HBr),  is  removed,  leaving  CgH^{N0,)(C,H03)  orthoni- 
trophenylpropiolic acid.  To  produce  orthonitrophenyloxyacrylic 
acid,  the  orthonitrocinnamic  acid  is  treated  with  hypochlorous 
acid,  which  by  addition  gives  orthonitrophenylchlorolactic  acid, 
C\H^(N0,)(C,H^C10,).  This,  treated  with  boiling  alkali  in  alco- 
hol, gives  orthonitrophenylacrylic  acid  C„H^(N0J{C  HjO,).  By 
the  action  of  heat  alone  orthonitrophenylacrylic  acid  is  converted 
into  iDdigotin,  thus : 

C.H,NO,=C,H,NO+CO,+  H,0+0. 

The  reaction  takes  place  at  110°  C.     The  mass  swells,  its  color 
gradually  darkens,  and,  treated  with  alcohol,  it  leaves  a  residue 
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of  iodiffotin.  The  yield  is  small,  however,  owing  to  the  forma- 
tion of  secondary  products.  With  orthonitrophenylpropiolic 
acid  however,  the  united  action  of  an  alkali  and  of  a  aeoxidizing 
body  is  required,  the  reaction  proceeding  regularly : 

C,H,NO,+H,=C.H,NO+CO,+H.O. 

B&yer  recommends  the  use  of  a  mixture  of  glucose  and  an 
alkali  carbonate.  The  transformation  takes  place  at  110®  G. 
and  the  indigotin  separates  in  the  crystalline  form.  Hence 
B&yer  prefers  the  second  process.  But  it  has  a  still  greater 
advantage,  since  the  above  reaction  may  be  effected  directly  upon 
the  cloth.  The  fiber  is  printed  with  a  mixture  of  the  orthonitro- 
phenylpropiolic acid,  glucose  and  the  alkali  carbonate  and  is  then 
exposed  to  superheated  steam.  The  indigo  blue  is  developed 
directly  upon  the  fiber  permanently.  This  fact  will  give  the  arti- 
ficial indigo  a  great  advantage  over  the  natural  product.  The 
possibility  of  producing  other  indigotines  by  effecting  substitu- 
tions in  the  phenyl  group  which  it  contains,  promises  important 
results. — Ann,  Chim.  Phya,^  V,  xxi,  286,  Oct.,  1880.        g.  f.  b. 

6.  On  Isopropylene-fieurine, — Morley  has  prepared,  in  the 
laboratory  of  Ad.  Wurtz,  a  neurine  containing  oxyisopropyl  m 
place  of  the  oxethyl  in  normal  neurine.  By  the  action  of  20 
grams  isopropylene-chlorhydrin  upon  37  grams  of  a  33  per  cent 
solution  of  tnmethylamine  for  several  hours  on  the  water  bath,  a 
neutral  liquid  resulted  which  gave  a  platinum  salt  of  the  compo- 
sition C„ll  N  OjPtCl,.  The  propylene-neurine  chloride  crystal- 
lizes in  colorless  transparent  crystals,  very  deliquescent,  and 
which  turn  brown  in  the  air. — JBer.  BerL  Criem,  Ges,^  xiii,  1805, 
Oct,  1880.  G.  F.  B. 

7.  Notice  of  the  investigation  of  Dr.  J.  W.  Bruhl  on  the 
Relations  between  the  JMolecidar  Structure  of  Organic  Compounds 
and  their  R^Yactive  Power,  (Liebig's  Annalen,  cxcix,  189  and 
coiii,  1.) — The  study  of  the  relations  between  the  physical  proper- 
ties of  chemical  compounds  and  their  molecular  structure  nas 
opened  a  now  field  to  the  science  of  chemistry.  A  remarkable 
invostiKAtion  of  Thomsen  into  some  of  the  thermal  relations  of 
molecular  structure,  we  shall  notice  in  another  number  of  this 
Journal.  We  now  call  attention  to  an  attempt  to  study  the 
molecular  structure  of  bodies  by  optical  means.  Unfortunately 
the  results  of  the  two  investigations  do  not  wholly  harmonize  with 
one  another ;  yet  in  both  cases  the  new  method  of  investigation 
is  the  chief  point  of  interest,  and  we  have  every  reason  to  hope 
that  by  carefully  comparing  the  different  methods  of  solving  the 
same  problem  the  trutn  may  ultimately  be  reached. 

If  we  denote  by  /i  the  index  of  refraction  of  a  body  the  excess  of 
this  index  over  unity  or  (/i—  1)  represents  what  has  been  called  the 
refractiuij  power  of  a  Inxly,  and  since  the  refracting  power  increases 
in  general  with  the  density  (6)  we  obtain  by  dividing  the  refracting 

power  by  the  density  a  quantity  |  — -—  \   which    is,   essentially, 

independent  of  mere  changes  of  physical  condition,  and  depends  on 
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tbe  chemical  relatioDS  of  the  substances.     This  quantity  has  been 
called  the  specific  refracting  power,  and  if  we  now  multiply  by  the 

molecnlar  weight  of  the  substance  we  have  in  M  (— t—  )  the  spe- 
cific refracting  power  of  the  molecule,  or  as  it  has  also  been  called 
the  refractive  equivalent  of  the  substance.     In  1864  (Pogg.  Ann., 
cxxiii,  595)  Landolt  showed  that  a  difference  of  one  atom  of  car- 
bon, hydrogen  or  oxygen,  between  two  organic  compounds  cor- 
responded to  a  constant  difference  for  each  elementary  substance 
io  the  specific  refracting  power  of  this  molecule,  and  having  thus 
fixed  what  he  called  the  refractive  power  of  each  atom  he  made 
the  generalization  that  the  refractive  power  of  the  molecule  was 
nmply  the  sum  of  the  refractive  powers  of  its  constituent  atoms. 
For  example : 

Table  L 
Differing  in  composition  by  d. 


"C^) 


DifL 
5-41 


212 


2-63 


Methyl  aloo^  CH4O  1311 

Aldehyde  C,H«0  18*58 

Differing  in  composition  by  Hs. 

Aldehyde  C,H40  18*58 

Ethyl  alcohol  0,H«0  20*'70 

Differing  in  composition  by  Oi. 

Aldehyde  0,H40  18*58 

Acetic  add  CaH409  2111 

The  differences  show  the  refractive  power  of  one  atom  of  car- 
l)on,  one  atom  of  oxygen  and  two  atoms  of  hydrogen  and  the 
following  values  are  in  each  case,  the  mean  of  a  very  large  num- 
ber of  comparisons  similar  to  those  just  given. 

Table  II. 

4-86 
1*29 
2*90 

Of  course  these  values  are  based  on  the  determination  of  the 
index  of  refraction,  and  the  density  of  each  of  the  substances  thus 
compared.  The  observations  of  density  were  readily  reduced  to 
standard  conditions  which  might  be  arbitrarily  selected,  but  in 
consequence  of  the  very  unequal  and  irregular  dispersive  power 
of  the  different  substances  compared  it  was  by  no  means  a  matter 
of  indifference  which  of  the  lines  of  the  spectrum  was  selected  for 
the  index  of  refraction.  In  his  own  experiments  Bruhl  deter- 
mined the  index  of  refraction  for  the  sodium  line  D  and  also  for 
the  three  bright  hydrogen  lines,  and  bv  means  of  these  data  he 
calculated  according  to  Cauchy's  formula  the  index  of  refraction 
corresponding  to  a  wave  length  of  indefinite  length,  and  from 
these  calculated  indices  the  values  r^  are  derived.  Data  thus 
reduced  are  regarded  by  Bruhl  as  furnishing  the  more  correct 


Ta 

c 

5*0 

H 

1*3 

0 

3*0 
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basis  for  all  comparisons  of  molecular  refractive  powers,  bat  tibe 
results  are  nearly  as  satisfactory  when  deduced  irom  tbe  indices 
observed  with  the  red  light  of  the  hydrogen  spectrum.  The 
values  r,  were  thus  obtained. 

If  now  we  compare  the  molecular  refractive  powers  calculated 
from  the  atomic  composition  (R.)  with  those  deduced  from  direct 
observations  on  the  densities  and  indices  of  refraction  of  the  com- 
pounds— M  (  *^  1 — we  shall  find  that  in  the  case  of  a  large  num- 
ber of  organic  products  the  generalization  of  Landolt  is  very 
closely  confirmea,  thus : 

Table  m. 


xpr' 

') 

R. 

Diit 

Propylalcohol 

O.HsO 

28-6 

/ 

28-4 

+  0i 

Propylaldehyde 

0,H«0 

260 

25-8 

+  0.1 

Propylethyl  ether 

o.u^o 

43-8 

43-6 

+  0.2 

Propylaoetate 

C5H10O1 

440 

440 

00 

Propylchloride 

C,H,C1 

341 

33-9 

+  0-i 

Isobutyric  acid 

O4H8O, 

36-3 

36-4 

-01 

Hexan 

OeHi4 

48-6 

48-2 

+  0-4 

Tri-ethylamine 

CaH,»N 

55-3 

55-3 

0-0 

If  then  the  molecular  refractive  power  is  simply  tbe  sum  of  the 
atomic  refractive  powers  it  must  be  the  same  for  all  isomeric 
bodies  and  therefore  independent  of  their  molecular  structure,  and 
so  Land6lt  thought.     In   1870,  however,  it  was  shown   by  Glad- 
stone (London  Chem.  Soc.  Jour.,  viii,  147)  that  there  were  many 
organic  compounds,  especially  those  belonging  to  the  aromatic 
family,  whose  molecular  refractive  powers  differed  from  the  values 
calculated  by  Landolt's  formula  so  widely,  that  the  discrepancies 
could    not  possibly  be  referred  to  errors  of  observation.    The 
residuals  thus  observed  although  not  satisfactorily  explained  hy 
Gladstone  form  the  starting  point  in  the  investigation  of  Bmhl, 
who  traces  the  effect  to  the  mode  of  linking  of  the  multivalent 
atoms  in  the  molecule.     He  concludes  in  general  that,  while  the 
univalent  atoms  of  hydrogen,  chlorine,  bromine  and  iodine,  have 
an  invariable  refracting  power,  the  refracting  power  of  multiva- 
lent atoms  changes  when  they  unite  with  each  other  by  more 
than  one  bond.     The  values  given  in  table  II  only  hold  rigo^ 
ously,  when  no  two  atoms  are  united  by  more  than  a  single  bond, 
and  the  close  agreement  shown  in  table  III  depends  on  the  circmn- 
stance  that  the  molecules  of  all  the  substances  therein  named, 
however  variable  their  structure  in  other  respects,  have  this  one 
feature  in  common.     Hence  all  isomeric  boaies  have  the  same 
molecular  refractive  power,  provided  the  differences  of  molecalar 
structure  do  not  extend  to  tlie  relation  we  have  named  ;  and  the 
discrepancies  observed  by  Gladstone  arose  from  the  circumstance 
that  in  the  molecules  of  u\c  bodies  he  chiefly  studied  two  or  more 
of  the  carbon  atoms  were  linked  by  double  or  treble  bonds. 

By  comparing  the  molecular  refractive  powers  of  bodies  con- 
taining  doubly  or  trebly  linked   multivalent  atoms,   after  the 


Table  IV. 

U 

Tk 

600 

4-86 

615 

5-86 

6-95 

5-76 

2-80 

2-71 

3-40 

3-29 

1-30 

1-29 

9-80 

9-53 

15-30 

14-75 

24-90 

23-55 

5-80 

5-35 

Chemistry  and  Physics,  78 

method  illnstrated  by  table  I,  Bruhl  has  determined  the  effect 
of  the  doable  and  treble  links  in  the  case  of  carbon,  and  of  the 
doable  links  in  the  case  of  oxygen,  on  the  atomic  refracting 
power,  and  has  thas  obtained  the  data  for  the  following  table. 
In  this  table  C  C"  C"  indicate  carbon  atoms  singly,  doubly  and 
trebly  linked  with  each  other,  and  O"  an  atom  of  oxygen  doubly 
linked  to  an  atom  of  carbon,  and  in  order  that  the  values  given 
may  be  used  in  calculating  the  molecular  refractive  power  of 
organic  compounds  it  must  be  further  noticed  that  the  value  for 

O 

the  group  —  C  —  is  54-3*4  =  8*4  and  that  for  the  group  -*-  C  =  C  — 
is  2X615  =  12-3. 
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T 
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With  these  data  it  is  now  easy  to  calculate  the  molecular 
refractive  powers  of  the  greater  number  of  organic  compounds, 
not  only  the  parafines  and  their  derivatives  in  which  the  carbon 
itoms  are  usually  singly  linked,  but  also  the  olefines,  the  acetylenes 
and  the  aromatic  bodies,  in  winch  the  complexity  of  the  structure 
isincreased  by  double  or  treble  links.  In  the  original  papers  such 
results  are  compared  with  the  molecular  refractive  powers  calcu- 
lated by  Landolt's  formula  from  the  index  of  refraction  and 
doisity ,  measured  with  every  refinement,  and  with  materials  of 
undoubted  purity.  In  almost  all  cases  the  agreement  is  exceed- 
ingly close  especially  when  the  observations  are  reduced  by 
Cauchy's  formula  so  as  to  eliminate  the  effect  of  the  irregular 
dispersive  powers  of  the  substances  compared.  We  have  not 
however  room  to  reprint  the  numerous  tables  or  to  describe  the 
details  of  the  investigation  which  involve  many  incidental  ])oints 
of  great  interest.  It  must  be  sufficient  to  say  that  the  papers 
show  that  the  work  has  been  done  with  all  the  care  and  refine- 
ments of  which  the  methods  used  are  capable,  and  limit  ourselves 
to  a  description  of  one  only  of  the  important  conclusions  to  which 
the  investigations  points. 

It  \b  obvious  tnat,  when  a  question  in  regard  to  molecular 
stnicture  turns  on  the  existence  or  absence  of  multiple  bonds,  the 
calcalated  molecular  refractive  power  will  not  be  the  same  in  the 
two  cases  and  then  the  index  of  refraction  and  the  density  of  the 
substance  may  give  us  the  means  of  testing  our  hypothesis.  As 
is  well  known  there  has  been  a  question  in  regard  to  the  molecu- 
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lar  structure  of  benzol,  O^H,.  According  to  the  well  knowi 
theory  of  Kekul6  the  six  carbon  atoms  form  a  ring  and  are  united 
by  three  single  and  three  double  bonds ;  but  according  to  the 
theory  of  Ladenbure,  the  bonds  in  this  structure  are  M  single^ 
each  carbon  atom  being  united  with  two  of  the  other  carboQ 
atoms  of  the  ring.  The  principles  developed  by  Bruhl  give  him 
a  new  test  of  the  theories  in  question  since  the  molecular  refrao* 
tive  power  should  be  six  units  higher  with  the  structure  of  KekuU 
than  with  that  of  Ladenburg,  and  as  the  value  deduced  from 
the  observed  index  of  refraction  and  density  of  benzol  gives  a 
result  which  very  closely  agrees  with  the  larger  of  the  two 
values,  Bruhl  concludes  that  the  generally  received  theory  oi 
Kekul6  is  "  the  only  one  which  harmonizes  with  the  physical  ai 
well  as  the  chemical  relations  of  the  aromatic  compounds.'' 

J.  p.  COOKB. 

8.  Chemical  Energy  and  Electromotive  force  of  different  gal- 
vanic elements, — Thomsen  reviews  his  earlier  work  upon  this  subject 
and  makes  a  new  and  careful  determination  of  the  chemical  energy 
and  the  electromotive  force  of  a  Daniells  cell.     According  to  hia 
later  measurements,  the  total   devlopment   of  heat  by   galvanic 
means  in  all  parts  of  the  Daniells  element  amounts  to  50202  units 
of  heat  during  the  time  in  which  one  molecule  of  copper  sulphate 
(CuSO  J  is  reduced.     A  calculation  of  the   value  of  the  energy  of 
the  chemical  processes  in  the  cell  gives  50130  units.     The  dlf^e^ 
ence  between  50292  and  50130  is  so  small  that  Thomsen  concludes 
that  the  total  chemical  energy  of  a  Daniells  cell  is  converted  into 
electricity  and  the  development  of  heat  in  the  circuit  is  the  equiv- 
alent of  the  chemioal  energy  developed  by  the  cell.     Other  forms 
of  cells  are  then  investigated  from  this  point  of  view  and  the  same 
conclusion  is  reached  in  the  case  of  zinc-cadmium   elements  and 
chloride  of  silver  elements,  or  in  general  wherever  the  metallic 
surface  of  the  negative  electrode  is  not  changed  by  the  electrolytic 
process. — Ann,  der  Physik  und  Vhemtey  No.  10,  1880,  p.  246. 

J.  T. 

9.  S/iectra  of  the  compound  of  Carbon  with  Hydrogen  and 
Nitrogen, — Professors  Livking  and  Dewar  used  in  their  experi- 
ments a  DeMeritens  dynamo-electric  machine  which  prodnceathe 
voltaic  arc  in  the  diiferent  gases  they  experimented  upon.  It  was 
found  that  the  indisxo,  violet  and  ultra  violet  bands  characteristic 
of  the  flame  of  cyanogen  are  conspicous  in  the  arc  taken  in  an 
atmosphere  of  nitrogen,  air,  nitric  oxide  or  ammonia,  and  disap- 
pear very  nearly  in  a  non-nitrogenous  atmosphere  of  hydrogen, 
carbonic  oxide,  carbonic  acid,  or  chlorine.  These  bands  are  seen 
in  the  flame  of  cyanogen  and  hydrocyanic  acid,  but  are  not  seen 
in  those  of  hvdnx'arbons,  carbonic  oxide,  or  carbon  disulphide. 
The  authors  tlien»fore  conclude  that  they  belong  to  cyanogen,  and 
support  this  conclusion  by  reference  to  various  facts.  Their 
experiments  on  the  spectrum  of  carbon  are  at  variance  with  those 
of  Lookyer  on  the  same  subject.  They  state  that  the  evidence  that 
carbon  uncombined  can  take  the  state  of  vapor  at  the  tempera* 
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are  of  the  electric  arc  is  very  imperfect ;  and  they  believe  that 
kDy  reasoning  based  upon  the  absence  of  nitrogen  is  imperfect,  for 
t  cannot  be  shown  conclusivly  that  nitrogen  has  really  been  absent 
lu  the  experiments  hitherto  conducted.  They  contend  against  the 
hypothesis  that  if  cyanogen  bands  are  present  in  the  solar 
spectrum  they  are  due  to  vapors  of  carbon  uncombined  in  the 
tipper  cooler  region  of  the  cliromosphere.  It  appears  to  them 
that  nitrogen  may  be  recognized  in  the  solar  atmosphere  through 
cyanogen  when  free  nitrogen  might  not  be  detected. — Proc,  jR.  aS\, 
XXX,  pp.  152,  494.     Nature,  Oct.  28,  J  880.  j.  T. 

10.  On  the  behavior  of  gases  under  the  influence  of  electrical 
discharges, — Professor  E.  Wiedemann  in  a  paper  not  yet  con- 
cluded, describes  his  method  of  experimenting  and  gives  some  pre- 
liminary results.  He  arrives  at  a  confirmation  of  fact  previously 
stated  by  him :  that  a  gas  may  be  rendered  luminous  by  electric 
I  discharges  without  any  corresponding  elevation  of  temperature. — 
Ann.  der  Physik  und  Chenne,  No.  6,  1880.  j.  t. 

11.-4  theoretical  and  practical  treatise  on  the  manufacture 
of  Sulphuric' acid  and  Alkali ;  by  Georg  Lunge.  Vol.  IL 
London :  1880. — Dr.  Lunge's  second  volume  quite  sustains  the 
character  which  the  first  so  justly  won,  of  being  the  most  correct 
and  exhaustive  treatise  yet  published  on  the  subject  of  which  it 
treats.  The  first  was  confined  to  the  manufacture  of  sulphuric 
acid— the  starting  point  in  almost  every  chemical  industry.  The 
second  is  occupied  oy  that  of  carbonate,  bicarbonate  of  soda  and 
caaslic  soda.  Every  operation,  as  well  as  the  plant  for  carrying 
it  out,  is  described  with  minuteness  and  illustrated  by  drawings 
to  scale. 

This  volume  will  excite  less  interest  than  the  first  in  as  much 
M  the  manufacture  of  sulphuric  acid  is  very  general,  while  that  of 
alkali  is  in  this  country  conducted  by  but  few  firms  and  by  these 
on  a  very  limited  scale ;  yet  a  study  of  the  technical  and  com- 
luercial  bearing  of  this  great  industry  is  therefore  the  more  nec- 
essary, in  order  to  determine  whether  its  exclusion  from  the  list 
of  American  enterprises  is  due  to  remediable  or  irremediable 
causes.  In  Europe  only  at  certain  favored  centers,  where  sulphur, 
coal,  salt  and  limestone  are  cheap,  can  alkali  be  economically  man- 
ufactured. If  there  be  any  such  in  this  country  not  far  removed 
from  the  centers  of  consumption,  the  alkali  trade  may  take  the  place 
it  occupies  in  Europe,  and  notably  in  Britain,  as  second  only  to  the 

(iron  trade.  Unless,  however,  this  combination  of  materials  occurs 
in  one  or  more  favorably  situated  localities,  the  Alersey,  the  Tyne 
and  the  Clyde  must  continue  to  supply  with  alkali  our  glass  and 
soap  makers.     The  problem  yields  in  importance  to  none. 

The  mention  of  the  above  materials,  used  in  the  Leblanc  process, 
18  due  to  the  fact  that  as  yet  none  of  the  many  substitutes  pro- 
posed for  it,  cumbersome  and  wasteful  as  it  is,  have  been  success- 
fully introduced.  Our  author  reserves  for  a  third  volume  a  de- 
•cription  and  discussion  of  the  ammonia  process  and  of  the  manu- 
facture of  alkali  from  cryolite,  as  practiced  exclusively  in  this 
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country  by  the  Pennsylvania  Salt  Co.  But  he  gives  full  detaili J 
the  plant,  and  manipulation  for  the  method  jpropoBed  by  Harmt^ 
for  the  manufacture  of  sulphate  of  soda  (urect  from  salt  by  tti 
action  of  sulphurous  acid, — thus  reducing  to  one  the  double  opc^ 
tion  of  first  making  sulphuric  acid  and  then  decomposing  dj| 
the  salt.  Although  not  generally  adopted  and  far  from  perfectecj 
it  deserves  to  rank  as  the  most  important  recent  modincatioD  i 
the  Leblanc  process. 

The  operation  may  be  expressed  by  the  following  equatioa 
SO,+0+H,0+2NaClz=Na3SO,+2HCl.  It  is  effected  by  dni 
ing,  by  mf>ans  of  a  Root  exhauster,  sulphurous  acid  gas,  with ' 
to  8  vols,  of  sulphurous  acid,  from  ordinary  pyrites  burners,  mixei 
with  superheated  steam  through  a  series  oi  connected  cyliDden 
filled  with  salt.  Complete  decomposition  is  not  effected  in  k| 
than  two  to  three  weeks.  Hence,  owing  to  loss  by  radiation,  Ih 
heat  generated  by  the  chemical  action  has  not  in  practice  been  foioi 
— contrary  to  expectation — sufficient  to  maintain  the  contents  i 
the  cylinders  at  the  requisite  temperature  of  400°  to  600*^.  Them 
fore  the  fuel  consumed  in  heating  the  cylinders,  raising  steam  aa 
preparing  the  salt,  almost  equals  in  some  works  that  consomed  i 
making  sulphate  in  the  old  way. 

In  the  appliances  for  converting  the  sulphate  into  carbonate  ■ 
radical  improvements  have  been  made  of  late  years,  if  we  exoe| 
the  revolving  black  ash  furnace.  But  the  attention  of  manufin 
turers  has  been  of  necessitv  directed  to  condensing  all  deleterio^ 
escaping  gases  and  rendering  harmless  all  fluids,  before  di8cbai]|i 
ing  them  into  any  water  courses;  for  the  several  Alkali  and  Rirv 
Pollution  Acts  of  the  British  and  other  European  parliaments  d|i 
fine  the  amount  of  impurity  which  may  be  thrown  into  the  air,  ed 
discharged  as  drainage.  It  has  been  found  very  easy  to  eoii 
dense  very  perfectly  the  gases,  but  not  so  easy  to  deprive  tin 
liquors  flowing  from  the  vast  accumulation  of  soda  waste,  thtl 
encumbers  old  works,  of  their  oftensive  character.  An  economic^ 
reward  has,  however,  followed  the  compulsory  performance  of  tUl 
public  duty ;  for  the  result  at  all  works  has  been  the  recoveij 
from  the  tank  waste  of  40-60  per  cent  of  the  sulphur  original!] 
used.  The  process  most  in  favor  is  that  of  Mond,  which  consiiH 
like  most  others  in  oxidizing  the  insoluble  CaS  of  the  waste  infel 
soluble  CaS/)„  and  then  separating  the  S  from  the  solution  bj 
IICl.  Maetear,  at  the  St.  Rollox  works,  treats  the  yellow  liqnon 
as  they  flow  from  the  waste  heaps  with  SO,.  But  the  most  rt 
cent  and  thorough  method,  as  described  by  our  author,  and  on 
which,  if  practicable,  will  raise  the  Leblanc  to  the  rank  of  a  n 
generative  process,  has  been  proposed  by  Schaffiier  and  Hel¥ 
By  the  aid  of  MgCl,  thev  convert  CaS  into  CaCl,  and  generate  H 

I.  CaS+MgCl,+H,(>=CaCl,+MgO+II,S. 

II.  The  n,S  is  drawn  oft*  and  the  S  separated  by  SO^ — ^th 
difficulty  heretofore  always  experienced  of  collecting  the  ei 
tremely  fleecy  sulphur  being  overcome  by  bringing  the  gases  inl 
contact  with  such  salts  as  calcium  or  magnesium  chloride,  wbi 
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86  granular  sulphar  separates  and  none  passes  off  as  polytbi- 
3  acids. 

IL  The  CaCl,  under  the  action  of  CO,  restores  CaCO^the 
jent  for  carbonizing  the  NaSO^  of  another  lot ;  and  the  CI 
ses  back  to  the  manganese  for  use  again. 

MgO+CaCl,+CO,=MgCl,+CaCO,. 

,hi8  beautiful  series  of  reactions  can  be'carried  out  in  practice 
names  of  Schaffner  and  llelbig  will  deserve  a  place  in  the  list 
ndustrial  chemists  next  to  that  of  Leblanc  himself,     j.  d.,  jr. 

IL   Geology  and  Natural  History. 

.  Notes  on  alleged  changes  in  the  relative  elevations  of  Land 
I  Sea;  by  Henby  Mitchell,  Assistant.  Appendix  No.  8  in 
Report  of  the  Coast  and  Geodetic  Survey  for  1877,  Carlile  P. 
^rson,  Superintendent. — ^The  author  alludes  to  the  impression 
I  the  northeastern  coast  of  the  American  Continent  is  so 
►idly  rising  that  the  change  of  depth  over  rocky  bars  upon  the 
;8t  of  Maine  has  been  noticeable  within  a  generation  of  practical 
itmen  ;  and  mentions  Professor  Shaler's  estimate  of  the  enierg- 
«  in  progress  as  probably  over  a  foot  in  a  century,  and  perhaps 
much  as  three  feet.  The  author  of  tliis  memoir,  who  was 
istant  under  Professor  Bache  in  the  work  of  establishing 
iches  at  all  the  tidal  stations  along  the  coast  of  Maine,  gives  as 
5  result  of  his  study  of  the  subject,  the  following  conclusions  : 

(1)  That  the  attention  of  early  explorers  was  attracted  by  the 
It  marshes,  which  broke  the  monotony  of  our  otherwise  then 
>oded  country,  and  that  these  were  then,  as  now,  at  ordinary 
§h-water  level. 

(2)  That  rocks  upon  our  coast,  long  notorious  as  dangerous  to 
kvigation,  have  not  risen  since  they  were  first  discovered. 

In  his  statements  ancient  maps  and  documents  are  cited,  and 
le  conditions  of  the  various  rocks  are  considered  in  detail.  The 
emoir  concludes  as  follows  : 

"From  the  foregoing  it  has  been  seen  that  the  study  thus  far 
rtends  from  Wood's  Hole,  latitude  41°  3l',  longitude  70°  39',  to 
eTc6  Rock,  latitude  48°  30',  longitude  64°  13',  embracing  7°  of 
ititude  (420  nautical  miles)  and  6  26'  of  longitude  (266  nautical 
liles).  It  would,  of  course,  be  quite  unwarrantable  to  conclude 
Iiat  a  parallelogram  with  these  limits  has  remained  unchanged, 
ut  a  smaller  district  may  be  claimed  as  beyond  dispute.  If, 
onfining  ourselves  to  Champlain's  points,  we  draw  a  line  from 
rreen  £edge  to  Annapolis,  Nova  Scotia,  thence  to  Wells,  in 
(Uine,  thence  to  Gloucester,  thence  to  Mary  Ann  Rocks,  thence 
0  Harwich,  Massachusetts,  thence  to  point  of  beginning  at  (rreen 
iCdge,  we  inclose  a  district  of  20,000  square  miles.  Within  this 
listrict  lie  Trinity  Rocks,  and  near  it  Harding's  and  Brazil, 
[rhich  have  not  changed  during  the  past  century ;  so  that  it  is 
air  to  conclude  that  no  tilt  in  either  direction  has  taken  place  in 
ie  Gulf  of  Maine.     The  arc  of  the  meridian  between  Green  Ledge 
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and  Perc6  Rock,  measuring  two  hundred  and  seventy-one  nauiicti 
miles,  passes  near  the  Grand  Pre  and  across  the  meadows  of  the 
Cumberland  Basin.  It  is  to  these  two  salt-marsh  districts  that 
Mr.  Akins  refers  particularly  in  his  letter  already  quoted,  when 
he  speaks  of  the  ancient  French  and  modern  Enelish  dykes  with 
the  conclusion  that  no  change  of  elevation  can  be  alleged.  So 
that  we  have  really  four  stationary  points  in  this  arc. 

I  must,  in  closing,  reiterate  that  to  the  eastward  of  this  meridian, 
and  especially  in  Newfoundland,  great  changes  present  themselves 
in  the  comparison  of  charts,  the  depths  appearing  to  be  at  some 
points  less  and  at  other  points  greater  now  than  formerly." 

2.  Further  discoveries  of  fossils  in  the  Wappinger  VaUey  w 
Barnegat  limestone;  by  Professor  W.  B.  D wight,  of  Vassar 
College,  Poughkeepsie.  (From  a  letter  to  J.  D.  Dana,  dated 
Dec.  11,  1880.) — In  extending  my  explorations  in  the  Wappin^r 
Valley  limestone  I  discovered  at  Rochdale,  east  of  Poughkeepsie, 
N.  Y.,  on  Oct.  28th,  a  limestone  locality  affording  great  num- 
bers of  Orthocerata  and  of  other  fossils,  many  of  which  are  not 
reported  as  occurring  in  New  York  State.  The  Orthocerata 
present  quite  a  variety  of  sizes  and  shapes ;  but  all  agree  in 
showing  the  large  number  of  septa  so  characteristic  of  formatioM 
below  the  Trenton  and  Black  Kiver.  The  lengths  vary  from  \\ 
inches  to  9  inches,  the  widths  from  f  to  1^  inches;  the  septa  vary 
from  thirty  to  forty  to  the  inch  in  some  specimens,  to  eleven  to  an 
inch  in  others.  These  fossils  are  more  or  less  scattered  through 
a  ledge  for  at  least  1,500  feet,  and  at  one  point,  for  about  fifty 
feet,  they  are  so  crowded  that  one  can  hardly  be  taken  out  without 
disturbing  several  others. 

There  are  also  here  abundant  specimens  of  discoidal  gastero- 
pods,  some  of  which  arc  an  inch  and  a  half  in  diameter;  a  large 
turreted  gasteropod,  probably  Cyclonema,  about  three  inches  m 
length  ;  and  two  small  Atrypa-like  brachiopods. 

This  fonnation  is  entirely  different  from  the  adjoining  Trenton 
limestone,  both  in  its  lithological  nature  and  in  its  fossils.     It  ifi, 
however,  apparently  identical  in  its  [)hysical  characteristics  with 
the  adjacent  formation  which  I  have  already  assigned,  on  fossil- 
iferous  evidence,  to  the  Cjilciferous,  (this  Journal,  vol.  xix,  p.  50, 
Jan.,  1880),  and  concerning  which  I  see  no  reason  to  change  my 
opinion.     It  appears,  also,  in   addition  to  its  own  peculiar  and 
striking  fossils,  to  contain  the  characteristic  fucoids  and  the  other 
fossils  of  the  adjacent   Calciferous.     It  would  be  premature  to 
offer  any  decided  opinion  as  to  the  stratigraphical  position  of  this 
remarkable  rock  before  the  fossils  have  been  carefully  studied; 
but  I  may  say  that  while  it  reveals  a  wealth  of  cephalopodic  life, 
of  a  character  and  abundance  hitherto  unknown  in  the  United 
States  in  any  formation  to  which  this  is  likely  to  belong — i.  e. 
below^  the  Trenton  and  Black  River  strata, — it  is  at  least  very 
closely  related  to  the  Calciferous,  and  in  its  numerous  Orthocerata 
is  like  the  Calciferous  and  the  Quebec  groups  of  Canada.     I  am 
collecting  and  carefully  examining  the  specimens,  (of  which  I  have 
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&ady  from  160  to  200,)  with  reference  to  giving  full  details  and 
ther  results  in  a  future  paper. 

L  Vbie€mic  Eruptions  ofMauna  Loa^  Hawaii, — A  letter  of  No- 
nber  Wh  to  12th,  from  the  Rev.  Titus  Coan  of  Hilo,  addressed 
Prof.  C.  S.  Lyman  of  New  Haven,  states  that,  on  the  6th,  vaporw 
re  seen  toward  the  summit  of  Mauna  Loa  and  evidence  of  a  flow 
lavas  in  progress  toward  Mauna  Kea.  On  the  7th,  according 
the  report  of  a  person  from  Waimea  who  had  ascended  for  a 
w  of  the  region  one  of  the  spurs  of  Mauna  Kea,  all  the  elevated 
in  between  Mauna  Loa  and  Manna  Kea  was  a  sea  of  glowing 
a,  and  from  it  a  current  was  flowing  off  eastward  toward  Hilo. 
'.  D.  Hitchcock,  who  visited  the  region  of  lavas  between  the 
•UDtains,  on  the  9th,  states  that  the  stream  was  on  the  north  side 
the  flow  of  1 856-66,  had  a  length  to  the  plain  of  about  thirty 
les,  and  was  three-fourths  of  a  mile  wide  at  its  terminus.  Heavy 
uds  from  the  escaping  vapors  concealed  the  region  of  fires  the 
wt  of  the  time  from  observers  at  Hilo.  On  the  10th,  the 
}tward  stream  was  distinguished  by  the  brilliant  light  for  a 
igth  of  twenty  miles,  running  southeasterly  toward  East  Kau 
Kilauea.  On  the  11th  the  fires  were  still  active  from  the 
mmit  downward.  The  "  fountain-head  "  had  not  been  visited. 
It  Mr.  Coan  judged  that  it  was  to  the  north  of  the  summit  crater 
ar  the  point  of  eruption  of  1843,  which  was  about  13,000  feet 
K>ve  the  sea-level ;  and  he  states  that  adding  thirty  miles  for 
le  length  of  the  southeast  branch,  it  makes  a  continuous  line  of 
)W  of  sixty  miles. 

The  Commercial  Advertiser  of  Honolulu  for  November  20th 
>Dtain8  noties  from  which  the  following  facts  are  taken.  The 
raption  began  on  the  evening  of  the  5th  without  any  violent  dem- 
QStrations  or  earthquake.  The  river  of  fire  from  the  summit,  as 
Jen  at  night,  was  a  continuous  line  of  light.  The  whole  front  edge, 
bout  three-fourths  of  a  mile  wide,  was  intensely  brilliant ;  and  as 
,  slowlv  advanced  and  rolled  over  the  small  trees  and  shrubs, 
right  flames  would  flash  up  and  die  out  along  its  whole  edge. 
I?ery  now  and  then  there  was  a  report  like  that  of  cannon,  made 
robably  by  the  escape  of  steam  from  waters  that  were  caught 
eueath.  According  to  a  describer  who  went  within  twenty  feet 
f  the  eastern  stream,  then  very  sluggish,  its  broad  extremity, 
long  the  whole  front,  was  a  bnght-red  mass  of  solidified  lava, 
irelve  to  thirty  feet  in  height,  moving  slowly  along  by  breaking 
ad  bearing  on  the  crusted  covering;  "it  was  one  crash  of  rolling, 
tiding,  tumbling,  red-hot  rock,  no  liquid  rock  being  in  sight ; 
iere  were  no  explosions,  but  a  tremendous  roaring,  like  ten 
loosand  blast  furnaces  all  at  work  at  once."  Such  a  flow  makes 
hat  are  called  on  Hawaii  oa,  or  clinker-fields.  The  rough  blocks 
?  piled  together  in  the  wildest  confusion,  many  as  large  as 
dinary  houses.  They  form  only  when  the  movement  is  slow. 
•ars  were  at  first  felt  that  the  eastern  stream  would  descend  to 
lo. 
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4.  77ie  Genesis  of  the  Ores  of  Iron,  by  J.  S.  Newberry. 
(From  the  School  of  Mines  Quarterly  for  Nov.,  1880). — Iron-ore 
deposits,  including  those  of  the  Archaean,  are  shown  by  Dr.  New- 
berry to  be  of  sedimentary  origin,  and  their  formation  through  the 
aid  of  organic  acids  is  sustained.  Speaking  of  the  Archsean  iron 
ores,  he  says :  '^  That  in  some  cases  the  ore  has  been  profoundlj 
modified,  both  in  character  and  position,  since  its  deposition,  u 
undeniable ;  but  to  be  asked  to  believe  that  the  ore  sheets  are 
intrusive  is  a  greater  strain  upon  my  credulity  than  it  can  en- 
dure." 

The  magnetite  and  hematite  ores  in  southern  Utah,  which  Prol 
Newberry  was  the  first  to  describe,  are  situated  300  miles  south  of 
Salt  Lake  City,  in  what  is  really  the  prolongation  of  the  Wahsatch 
Mountains.    He  observes  that  near  Iron  Springs,  the  so-called  "Big 
Blow  out"  is  a  projecting  mass  of  magnetite  iron  ore,  measuring 
probably  1000  feet  by  5t  0,  rising  in  castellated  crags  100  feet  or 
more  above  its  base.     The  "  Blair  Mine  "  is  a  ragged  black  crest 
of  magnetite,  200  to  300  feet  high.     The  ore  of  the  region,  which 
is  half  hematite,  is  in  belts  standing  nearly  vertical;  it  is  often 
intersected  by  thin  layers  of  quartz,  or  jasper,  and  occasionally  by 
zones  of  crystals  (2  to  3  inches  long)  of  apatite.     The  containing 
rock  is  granite,  of  a  finer  kind  than  that  of  the  Wahsatch  axis; 
"  some  of  the  ore  beds  are  interst ratified  with  the  granite,  and  are 
certainlv,  like  it,  metamorphosed  sediments,"  as  is  well  seen  at  the 
Blair-Mme.     Prof.  Newberry  states  that  no  eruptive  iron  ore  ex- 
ists in  the  Rocky  Mountains,  and  that  in  the  opinion  of  ProC 
Otto  Torell,  Director  of  the  Geological  Survey  of  Sweden,  the 
ores  i)f  Sweden  are  metamorphic  and  not  eruptive. 

6.  Descartes  run  des  Createurs  de  la  Cosmologie  et  de  la  Oi- 
ologie ;  par  M.  Daubree.  27  pp.  4to.  (Journal  des  Savanta, 
March,  April,  1880). — Prof.  Daubree,  in  this  interesting  memoir, 
cites  from  Descartes'  remarkable  work  bis  descriptions  and  the 
illustrating  figure,  which  show — especially  the  latter — ^tbat  he  had 
conceived  the  idea  of  mountain  making,  or  the  displacement  of 
strata,  through  movements,  contraction-like,  beneath  the  earth's 
surface.  He  also  points  out  that  Descartes  attributed  the  forma- 
tion of  mineral  veins  to  emanations  from  below. 

6.  Gt'ologieai  map  of  a  jwrtion  of  the  tknithem  Interior  of 
British  Columbia,  by  G.  M.  Dawsox.  Montreal,  July,  1880.— 
This  colored  map,  about  21  inches  square,  shows  the  geological 
formations  over  a  region  directly  north  of  the  U.  S.  boundary 
between  the  meridians  of  US' and  122%  Great  Shuswap  Lake 
being  in  the  northeast  comer.  The  Triassic  covers  large  areas, 
but  uncertainty  remains  as  to  their  outline;  the  areas  of  the  Cre- 
taceous and  Tertiary  deposits  are  much  smaller.  Tertiary  volcanic 
nx*ks  cover  a  wide  region. 

7.  Appiicatiou  of  Org*inic  Acids  to  the  examination  of  Minr 
erals. — ^wnd  jHif»er  ;  by  H.  Carkixgtux  Bouos,  Ph.D. — ^Thia 

T  forms  a  continuation  of  tho?^  already  published  by  Pro£ 
Lilton  \\\M>i\  this  subject.     It  gives  the  results  obtained  by  snh- 
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jectin^  a  large  number  of  minerals — upward  of  100 — to  the  action 
of  eitnc  acid,  in  some  cases  with  the  addition  of  a  second  reagent, 
as  sodium  nitrate,  potassium  iodide,  etc.  It  is  concluded  that 
all  carbonates  and  phosphates  are  decomposed  by  citric  acid, 
some  sulphides,  and  all  the  hydrous  silicates  with  one  or  two  ex- 
ceptions. A  series  of  tables  are  given  at  the  end  of  the  paper 
in  which  some  ninety  minerals  are  arranged  according  to  their 
behavior  with  citric  acid,  with  and  without  the  addition  of  other 
reagents.  The  memoir  gives  proof  of  much  patient  labor,  and 
the  field  is  one  in  which  little  had  been  done  previously. — Annals 
Nl  Yl  Acad.  ScLy  ii,  No.  L 

8.  Droceedings  of  the  Academy  of  Natural  Sciences  of  Phila- 
L    ielphia. — ^For  the  convenience  of  those  interested  in  Mineralogy 

find  Geology,  the  papers  of  the  Proceedings  of  this  Academy  m 
these  departments  for  the  years  1877-1879,  have  been  issued  as  a 
separate  pamphlet,  and  made  Number  1  of  a  proposed  series. 

9.  CtenophorcB  /*  by  Dr.  C.  Chun.  —  This  volume  forms  the 
fint  monograph  of  the  Memoirs  to  be  published  under  the  aus- 
pices of  the  Zoological  Station  at  Naples.     As  Dr.  Dohrn  informs 
us  in  the  introduction,  there  are  no  less  than  twenty  monographs 
now  in  preparation,  all  based  upon  the  rich  materials  to  be  found 
in  the  Bay  of  Naples.     The  subjects  of  these  monographs  have 
been  so  far  circumscribed  that  Dr.  Dohrn  hopes  little  by  little  to 
nieceed  in  accomplishing  the  task  of  '^  sweeping  before  his  own 
door,''  and  giving  us  a  complete  history  of  the  Fauna  and  Flora 
of  the  Gulf.     If  the  succeeding  monographs  can  be  maintained  to 
the  high  standard  set  for  them  by  the  first  of  these  publications, 
they  will  form  a  series  of  faunistic  biological  monographs  with- 
out a  parallel,  and  present  a  model  which  few  biologists  can  hope 
to  exceL     Dr.  Dohrn  has  here  shown  far  better  than  by  any  ver- 
bose report,  the  value  to  science  of  stations  like  the  Zoological 
Station  at  Naples.     A  few  such  stations  distributed   along  the 
shores  of  the  Atlantic  and  Pacific,  so  selected  as  to  bring  faunal 
districts  as  dissimilar  as  possible,  within  easy  reach  of  the  inves- 
tigator, and  biology  would  be  revolutionized.     Our  embryologi- 
eal  and  anatomical  journals  have  been  so  flooded  with  discon- 
nected papers  upon  all  classes  of  invertebrates  that  only  careful 
finnal  monographic  biological  studies  connecting   the   chaos  of 
independent  observations  into  a  homogeneous  whole,  will  drag  us 
oat  of  this  sea  of  contradictions,  and  enable  us  to  survey  anew 
the  field  of  biology,   unencumbered  by  the  drift-wood  through 
which  every  worker  has  now  to  make  his  way.     Biologists  can- 
not be  too  grateful  to  Dr.  Dohrn  for  his  patience  in  waiting  until 
he  could  publish  a  monograph  comprehensive  enough  to  cover 
not  only  tne  systematic  work,  but  to  include  also  the  anatomy, 
the  embiTology,  in  fact  the  whole  biology  of  the  group  under- 
stood in  Its  broadest  sense. 

^  Fauna  u.  Flora  des  Golfes  von  Neapel.  Herausgegeben  von  der  Zoologischen 
Station  zu  Neapel  I  Monographie,  Ctenophone,  vou  Dr.  Carl  Chun,  4to,  pp.  xviii, 
313,  mit  18  Tafeln  u.  22  Holzschnitten.    Leipzig,  1880.    (Wilhelpi  Engolmann.) 

Am.  Joub.  Sol— Third  Sbbibs,  Vol.  XXI,  No.  121.— Jan.,  1881. 
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With  the  intense  competition  for  priority  which  rapid  publica- 
tion has  introduced  into  all  biological  work,  it  is  most  gratifying 
to  see  a  student  who,  instead  of  rushing  into  print  at  the  end  oi 
every  three  months,  add  inflicting  on  hie  brother  naturalists  hu 
undigested  notes  of  a  season's  work,  sits  down  for  four  years  oj 
quiet  investigation  and  then  gives  us  the  result,  a  masterly  moDa 
graph,  such  as  Dr.  Chun  has  just  published,  upon  Ctenophone 
We  trust  the  volume  before  us  may  not  only  bring  into  vogue 
again  carefully  prepared  monographs,  but  that  we  may  also  fine 
in  them  the  same  modesty  and  the  same  good  temper  which  char 
acterizes  every  page  of  this  magnificent  memoir.  It  is  rare  to  fine 
so  gentle  a  cntic  and  yet  one  who,  combining  original  investiga 
tion  of  the  first  order  with  an  exhaustive  knowledge  of  the  litera 
ture  of  his  subject,  is  yet  able  and  willing  to  place  himself  on  the 
ground  occupied  by  his  predecessors,  and  judging  them  by  th< 
standard  of  the  time  at  which  they  wrote — never  extolling  th 
progress  of  later  days,  at  the  expense  of  the  pioneers. 

It  is  not  too  much  to  say  that  the  Revision  of  the  Ctenophor», 
given  by  Dr.  Chun  in  this  faunistic  monograph,  makes  this  me- 
moir by  far  the  most  valuable  one  ever  published  on  the  Cteno- 
phorse.  There  is  hardly  a  point  in  the  habits,  in  the  anatomy,  in 
the  embryology,  or  in  the  systematic  working  up  of  the  group, 
which  has  not  been  greatly  advanced  by  the  light  thrown  upon  it 
by  Dr.  Chun.  And  while  we  may  differ  radically  from  him  in 
regard  to  some  of  his  views  respecting  the  affinities  of  Ctenopho- 
r8B,  their  relationship  to  Echinoderms  and  Polyps,  and  the  typical 
structure  underlying  them,  we  cannot  fail  to  oe  struck  with  the 
original  method  of  presenting  these  views,  and  the  candor  and 
fairness  with  which  opposite  opinions  are  discussed. 

This  memoir  is  remarkable  for  the  great  thoroughness  with 
which  all  histological  points  are  discussed,  the  neatness  of  the 
minute  anatomy  necessary  to  follow  the  complicated  structuren  of 
Ctenophora?,  and  the  perseverance  shown  in  tracing  the  postern- 
bryonic  stages  of  so  many  genera.  This  perhaps  is  the  most  val- 
uable feature  of  this  notable  memoir.  No  family  has  been  left  in 
the  dark,  and  the  flood  of  light  which  these  studies  have  thrown 
on  the  systematic  relationship  of  the  other  Ctenophorse  is  indeed 
wonderful.  By  far  the  most  interesting  page  of  this  chapter  ig 
the  complete  development  given  us  of  Cestui.  This  genus  theo- 
retically promised  to  do  more  than  any  other  towards  unravelling 
the  affinities  of  the  Ctenophorse,  and  Dr.  Chunks  investigations 
have  fully  justified  these  anticipations. 

Excellent  as  we  have  found  the  text  to  be,  it  is  difficult  to 
speak  with  sufficiently  high  praise  of  the  plates.  To  appreciate 
their  value  one  should  be  familiar  with  Ctenophorse,  have  watched 
them  as  the  writer  of  this  notice  has  done,  day  after  day,  and  sea- 
son after  season,  until  their  pictures  can  be  called  op  with  all  the 
vividness  of  natui*e.  A  student  familiar  with  Ctenophor»,  will 
recognize  the  truthfulness  of  these  exquisite  illnstn^tions,  in  which 
every  structural  detail  is  sharp  and  firm,  while  nothing  is  lost  in 
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acy  of  texture  or  grace  of  motion ;  and  even  lone  who  has 
r  seen  a  living  Ctenophore,  may  study  their  structure  in 
*  wonderful  plates,  superior  as  they  are  to  the  very  best  fig- 
thus  far  published.  Dr.  Chun  is  evidently  as  good  an  artist 
3  is  a  bioloeist,  and  we  cannot  close  without  congratulating 
most  heartily  on  the  publication  of  this  model  monograph. 

A.   AG. 

'•  The  Spiral  Character  of  Codenterate  Development, — ^Pro- 
T  John  Young,  in  the  number  of  the  Annals  and  Magazine 
Natural  History  for  March,  1880,  argues  from  the  order  of 
tlopment  of  the  septa  and  tentacles  that  the  radiate  forms  of 
ententes  arises  from  the  shortening  and  crowding  together  of 
mccesaive  septa  either  side  of  a  line  of  bilateral  symmetry,  by 
;h  an  apparent  radiation  around  the  mouth  is  produced. 
.  Dr.  Elliott  Coues'  TTiird  Installment  of  American  Omi- 
igical  Bibliography^  making  Art.  xxvi  and  pages  521  to  1066 
oL  V  of  the  Bulletin  of  the  U.  S.  Geological  and  Geographical 
rey  of  the  Territories,  F.  V.  Haydeu,  XJ.  S.  Geologist-in-charge. 
artment  of  the  Interior.  Washington,  September  30,  1880. — 
i  bibliography,  of  over  500  closely  printed  pages,  with  the  two 
leding  installments, '^represent  a  nearly  complete  bibliography 
Ornithology  so  far  as  America  is  concerned.'' 

IIL  Miscellaneous  Scientific  Intelligence. 

Some  incidental  results  from  a  series  of  analyses  of  air^ 
le  at  Hudson^  Ohio ;  by  Edward  W.  Morley. — ^The  samples 
e  taken  daily,  and  at  a  regular  hour.  They  were  analyzed  in 
licate.  The  greatest  difference  between  the  results  of  analyses 
he  same  sample  was  -016  per  cent.  The  probable  error  of  a 
;le  determination  was  less  than  '003  per  cent. 

1)  The  mean  propertion  of  oxygen  to  the  sum  of  oxygen  and 
ogen  for  the  first  half  of  the  year  1880  is  as  follows  :  January 
•951 ;  February  20,  'OSS  ;  March  20,  '949 ;  April  20,  "950 ;  May 
•949;  June  20,  951 ;  January  to  June  20,  -949. 

2)  Uncertainties  in  callibration,  errors  of  observation  and  man- 
lation,  and  variations  in  the  quantity  to  be  measured,  make  the 
bable  error  of  the  final  mean  less  than  '002  per  cent. 

})  Any  given  sample  of  air  was  as  likely  as  not  to  differ  from 
mean  of '012  per  cent. 

4)  The  probabilities  are  about  ten  to  one  that  the  differences 
ween  the  means  for  any  two  months  are  within  '002  per  cent 
be  truth. 

5)  The  largest  proportion  of  nitrogen  yet  noticed  was  on  De- 
loer  29th,  1879,  when  three  analyses  of  the  same  sample  gave 
IHo,  21*045,  21*044.  The  largest  during  the  six  months  men- 
ded was  March  9th:  21*001,  21*006. 

6)  The  lowest  yet  found  was  on  February  26th,  1879,  when, 
;h  another  apparatus,  there  was  found  20*45  and  20*50.  The 
?e8t  during  the  six  months  was  on  February  14th,  when  one 
nple  gave,  20*896  and  20*903  ;  another  sample  gave  20*867. 
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2.  Natiortcd  Acctdemy  of  Sciences,  —  At  the  seRsion  of  the 
National  Academy  in  New  York  City,  commencing  November  17, 
the  following  papers  were  read : 

On  the  basin  of  the  Gulf  of  Mexico ;  J.  E.  Hilgard. 

On  the  origin  of  the  ooral  reefs  of  the  Yucatan  and  Florida  Banks ;  Alexaxdbi 

AOASSIZ. 

Observations  on  ice  and  icebergs  in  the  polar  regions ;  F.  Sohwatka. 

The  duration  of  the  Arctic  winter ;  F.  Sohwatka. 
'  Mineralogpcal  notes ;  Benjamin  SniLDCAN. 

The  relationship  of  the  Carboniferous  Euphoberia  to  living  and  extinct  If  jria- 
pods;  Samitel  H.  Souddeb. 

On  the  ellipticity  of  the  earth  as  deduced  from  pendulum  experiments:  C  8. 
Pbibob. 

An  improvement  in  the  Sprengel  air-pump ;  0.  N.  Rood. 

The  thermal  balance ;  S.  P.  Lanoley. 

Measurement  of  radiant  energy ;  S.  P.  Lanolet. 

Causes  which  determine  the  progressive  movement  of  storms ;  Klias  Looi[I8. 

The  antimony  mines  of  Southern  Utah  ;  J.  S.  Newbebbt. 

The  conglomerate  ore  deposits  of  the  United  States  and  Mexico ;  J.  S.  New- 
bebbt. 

On  photographing  the  Nebula  in  Orion ;  Henbt  Dbapeb. 

On  condensers  for  currents  of  high  potential ;  Geoboe  F.  Babkeb. 

Sigsbee's  gravitating  trap ;  Alexandeb  Agassiz. 

Observations  on  ice  and  icebergs  in  the  polar  sea ;  Lieut  F.  Sohwatka,  U.  S.  A. 

The  deposits  of  crystalline  iron  ores  of  Utah ;  J.  S.  Newbebbt. 

The  origin  of  anthracite;  T.  Stebbt  Hunt. 

On  the  star-list  of  Abul  Hassan;  €.  H.  F.  Petbb& 

Dimensions  of  the  brain  and  spinal  cord  in  some  extinct  reptiles ;  0.  C.  Mabsh. 

On  the  Mimoravidae;  E.  D.  Cope. 

On  the  Miocene  Canidse ;   E.  D.  Cope. 

On  a  new  and  general  method  in  analysis ;  Woloott  Gibbs. 

Note  on  the  relations  of  the  Oneonta  and  Montrose  Sandstones  with  the  sand- 
stone of  the  Catskill  Mountains;  James  Hall. 

3.  Annual  Meport  of  the  Chief  of  Engineers  to  the  Secretary  of 
War ^  for  the  year  1879.  In  three  Parts,  containing  over  2400 
pages  8vo. — Besides  the  special  reports  relating  tt>  forts,  harbor 
and  river  surveys  and  improvements,  and  maps  illnstrating  the 
same,  there  are  the  following :  Report  on  the  Contents  of  Trough- 
ton  and  Simms'  Theodolite,  No.  3,  by  Mr.  K.  S.  Woodward, 
Assistant  Engineer,  (p.  1946);  Report  on  the  Errors  of  Certain 
Thermometers  as  to  calibration,  etc.,  by  T.  Russell,  (p.  1952; 
Report  on  Sand  waves  and  Sediment  observations  in  the  Mississippi, 
by  J.  B.  Johnson,  (p.  1 963) ;  Annual  Report  of  Capt.  G.  M. 
Whbbleb,  corps  of  Engineers,  (pp.  1977-2313),  and  including 
the  Reports  of  a  geological  party  in  Colorado  and  New  Mexico 
from  Spanish  Peaks  to  the  South,  in  1878  and  1879,  by  Prof.  J.  J.* 
Stevenson,  and  an  ornithological  report  on  observations  and 
collections  made  in  portions  of  California,  Nevada  and  Oregon,  by 
Assistant  H.  W.  Henshaw. 

The  report  of  Captain  Wheeler  contains  a  long  table  of  alti- 
tudes determined  by  the  survey  in  Oregon,  California,  Nevada, 
New  Mexico  and  Arizona. 

The  report  includes  also  (pp.  2331  to  2343)  a  Chemical  Report 
on  the  Pagosa  Springs  of  Colorado  bjr  Dr.  C.  Smart,  U.  S.  A., 
in  whose  waters  sodium  sulphate  constitutes  nearly  two-thirds  o£ 
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be  material  in  Bolotion  (2*263  to  3*042  grains  per  liter),  and  tbe 
^ases  are  carbonic  acid  and  hydrogen  sulphide;  and  pp.  2371- 
1895  a  report  on  the  Mammals  and  Birds  of  the  general  region  of 
be  Bie  Horn  River  and  Mountains  of  Montana  Territory,  by 
J.  EL  McChesney,  Asst.  Surgeon,  XJ.  S.  A. 

4.  Report  on  the  Meteorology  of  Tokio^  for  the  year  1879; 
Dj-  Prof.  T.  C.  Mendexhall. — This  report  forms  Part  I  of  vol.  iii 
)f  the  Memoirs  of  the  Science  Department  of  the  University  of 
Fokio.  It  contains  the  usual  meteorological  observations,  and  its 
notable  feature  is  the  free  use  of  graphical  representation  of  most 
of  the  results.  Its  forty- one  pages  of  letter-press,  including  tables, 
ire  accompanied  by  twenty-seven  pages  of  charts  showing  curves 
of  barometer  and  thermometer,  prevailing  winds,  rain-fall,  etc. 
It  is  published  by  the  University  and  is  handsomely  printed  at 
the  Government  Printing  Office.  c.  g.  r. 

5.  United  States  Commission  of  Msh  and  Fisheries^  Part  VI ; 
Report  of  the  Commissioner,  Dr.  Spknckb  F.  Baibd, /or  the  year 
1878.     Ixiv  and  988  pp.  8vo.     Washington.  1880. — The  promi- 
neDt  subjects  of  this  large  volume  are  the  history  and  statistics  of 
food-fishes  of  different  coasts,  i-ivers,  lakes,  etc. ;   their  decrease 
and  the  modes  of  preventing  it ;  their  propagation  in  the  waters 
of  the  United  States ;  the  quality  of  fishes,  their  value,  products, 
economical  uses  ;  the  planting  of  American  waters  with  ova  from 
foreign  countries  and  the  reverse.     What  has  been  done  in  these 
directions,  or  is  doing,  together  with  a  statement  of  the  objects 
of  the  Fish  Commission  and  of  the  assistance  it  has  received  from 
the  departments  of  the  Government,  is  briefly  brought  out  in  an 
Introductory  Chapter  of  Ixiv  pages;  and  then  follows  the  appen- 
dix, of  974  pages,  which  consists  of  papers  giving  full  details  and 
descriptions  on  these  and   other  topics.     Among   these   papers 
tbere  are  the  following  in  descriptive  Natural  History :   On  the 
marine  Isopoda  of  New  England  and  a(^acent  waters  (some  of 
which  are  parasitic  on  fishes),  by  Oscar  Harger,  illustrated  by 
13  plates ;  on  the  Pycnogonida  of  the  same  region,  by  E.  B.  Wil- 
son, with  7  plates.     Another  of  botanical  interest,  is,  on  the  na- 
ture of  the  peculiar  reddening  of  salted  cc»dfish  during  the  sum- 
mer season,  oy  W.  G.  Farlow,  in  which  the  author  shows  that 
the  red  color  is  owing  to  a  very  minute  plant  known  to  botanists 
by  the  name  of  Clathrocystis  roseo-persicina  ;  that  this  plant  is 
abundant  on  the  marshes  in  the  vicinity  of  Gloucester,  and  in  the 
buUdings  where  the  fish  are  cured ;  that  it  exists  in  the  salt  im- 
ported from  Cadiz,  which  salt  is  therefore  to  be  avoided  in  the 
cure  of  the  cod ;    and  that  the  Trepani  salt  is  pure  from  it  or 
nearly  so.     Mr.  Farlow  describes  also  another  minute  plant  from 
tbe  red  codfish  of  Gloucester,  which  he  names  Sarcina?  Moi^rhuce, 

The  volume,  like  its  predecessors,  bears  ample  testimony  to  the 
great  value  of  the  work  of  the  Fish  Commission,  and  to  the  able 
supervision  and  judicious  management  of  the  Commissioner, 
Professor  Baird. 
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6.  HOntgen'^s  Principles  of  Thermodynamics^  with  spec 
applications  to  hot-air^  gas  and  steam  engines.  Translat 
revised  and  enlarged  by  A.  Jay  DuBois.  New  York,  1880.  Jc 
Wiley  <fc  Sons.  8vo,  pp.  xviii  and  641. — The  aim  of  the  author  i 
of  the  translator  has  been  to  furnish  a  work  for  the  engineer 
profession  and  technical  schools  suited  to  the  needs  of  beginr 
Dy  the  mode  of  treatment,  and  yet  suflSciently  wide  in  its  sc< 
and  practical  in  its  applications.  Besides  the  extensive  additi* 
made  by  the  translator  himself  there  are  given  as  an  introduct 
to  the  whole  subject  two  lectures  of  Verdet.  The  extent  of 
work  is  greater  than  is  needed  in  the  class  room  in  order  to  se 
as  a  book  of  reference.  h.  a.  n 

7.  The  American  Naturalist,  —  The  American  Entomolog 
hitherto  edited  by  Mr.  C.  V.  Riley,  has  been  united  with  the  S 
uralist,  and  the  latter  will  hereafter  have  the  able  assistance 
Mr.  Riley  in  the  Entomological  department. 

8.  The  Kansas  City  Review  of  Science  and  Industry ^  edited 
T.  S.  Case,  isa  monthly  "  Record  of  progress  in  science,  mecha 
arts,  and  literature,"  and  aims  to  be  "an  exponent  of  West 
thought  and  a  means  of  communication  of  Western  disco vei 
and  theories."  The  December  number  contains  the  proceedii 
of  the  Kansas  Academy  of  Science,  and,  in  a  briefer  form,  th 
of  the  St.  Louis  Academy  of  Science.  It  is  published  at  Kan 
City,  Missouri,  in  monthly  numbers  of  64  pages  each,  for  t'2.5 
year. 

9.  Medals  of  the  Royal  Society. — ^The  Copley  Medal  has  b< 

fiven  the  present  year  to  Prof.  J*  J.  Sylvester  (of  the  Johns  H 
ins  University) ;  Royal  Medals  to  Prof.  Joseph  Lister  and  Ca 
Andrew  Noble ;  the  Kumford  Medal  to  Dr.  William  Huggii 
and  the  Davy  Medal  to  Prod  Charles  Friedel  of  Paris. 

10.  A  Physical  IVeatise  on  Electricity  and  Magnetism;  bv 
E.  H.  Gordon,  B.A.     In  ten  volumes.     New  York,  1880. 
Appleton  &  Co.). — A  notice  of  this  work  will  appear  in  anot 
number. 

OBrrUART. 

Sir  Bkxjamix  C.  Brodie,  Bart,  F.R.S.,  late  Professor  of  Che 
istry  in  the  University  of  Oxford,  died  at  Torquay  on  the  24th 
November,  in  his  sixty-fourth  year. 

J.  Charles  Almeida,  the  founder  of  the  Society  Franyaisc 
Physique,  and  its  Secretarv,  the  author  of  a  Traite  de  Physiqi 
and  formerly  Professor  of  t^hysics  in  the  Lyceum  of  Henry  I 
died  in  November  last. 

Michel  Cuasles,  the  eminent  French  mathematician,  died, 
the  18th  of  November,  at  his  home  in  Chartrea.     He  was  be 
November  15,  1793. 


THE 


MERICAN  JOURNAL  OF  SCIENCE. 


[THIRD     SERIES.] 


♦  ♦• 


T.  VIIL — Notice  of  Julius  Thornsen'a  Th^rmocheTr^ical  Investi- 
nation  of  the  Molecular  Structure  of  the  Hydrocarbon  Compounds;* 

)y  JosiAH  P.  Cooke. 

Che  value  called  in  thermo-chemistry  the  heat  of  for- 
tion  of  a  chemical  compound  is  simply  the  sum  of  the 
orific  efifects — both  positive  and  negative — of  the  several 
xjesses,  by  which  the  compound  may  be  formed  from  the 
mentary  substances  of  which  it  consists.  According  to  a 
idamental  theorem  of  thermotics  this  sum  is  always  the 
ne,  by  whatever  series  of  processes  the  compound  may  be 
tainetl,  and  may  be  regarded  therefore  as  representing  the 
lount  of  heat,  which  would  be  evolved  by  the  direct  union 
the  elementary  substances,  even  when  the  given  compound 
onot  be  formed  in  that  way.  For  convenience  of  calcula- 
►n  the  results  are  usually  stated  not  for  the  same  weight  of 
ch  compound,  but  for  its  equivalent  or  molecular  weight, 
lus  when  the  heat  of  formation  of  sulphuric  acid  (H,SO^)  is 
7en  as  193,000®  it  is  to  be  understood  that  32  grams  of  solid 
Iphur,  64  grams  of  oxygen  gas,  and  2  grams  of  hydrogen  gas 
)th  gases  taken  in  their  ordinary  state  under  the  normal  con- 
:ions  of  temperature  and  pressure),  when  united  to  form  98 
ims  of  sulphuric  acid,  evolve  sufficient  heat  to  raise  the  tem- 
rature  of  193,000  grams  of  water  one  degree.  It  must  be 
ticed  that  our  experiments  only  prove  that  in  passing  from 
;  elementary  substances  to  the  ultimate  product  through  the 
ermediate  stages,  which  the  production  of  sulphuric  acid 

'  Berichte  der  deutsch.  chem.  Gesellschaft,  xiii,  1880,  pp.  1321,  1388,  1806. 
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involves,  a  certain  amount  of  heat  is  lost  on  balancing  the  ac- 
count. The  further  conclusion  that  the  ultimate  loss  of  heat 
is  precisely  the  same  as  it  would  be  if  sulphuric  acid  could  be 
made  by  the  direct  union  of  its  elements,  is  an  inference  from 
the  general  theorem  to  which  we  have  referred,  and  which  may 
bo  stated  thus: 

Whenever  a  system  of  bodies  undergoes  chemical  or  physical 
cJianyes  and  passes  into  anotlier  condition^  whatever  may  have  been 
t/ie  nature  or  succession  of  the  changes  the  quantity  of  heat  evolved 
or  absof*bed  depends  solely  on  the  initial  and  final  conditions  of  iht 
system  provided  no  effect  has  been  produced  on  the  bodies  outside. 

Hence  when  the  initial  and  final  conditions  are  the  same^ 
the  total  thermal  effect  is  the  same,  however  different  the  pro- 
cesses by  which  the  result  may  be  reached.     These  processes 
are  physical  as  well  as  chemical.     Thus  in  the  production  of 
sulpnuric  acid  not  only  has  a  solid  been  rendered   fluid  but 
also   two   higlily   elastic   gases   have   been  condensed  to  the 
liquid  state,  changes,  which,  as  is  well  known,  must  involve 
large  calorific  effects.     Were  it  possible  to  eliminate  the  eflTectg 
of  such  physical  changes,  we  might  hope  to   determine  the 
amount  of  heat  evolved  in  the  chemical  changes  alone,  wii 
this  would  give  us  what  we  have  so  long  sought,  a  measure  of 
the  forces  which  determine  the  union  of  the  elementary  atoma 
We  might  then  be  able  to  find  the  amount  of  heat  which 
would  be  evolved  by  the  union  of  82  grams  of  isolated  sul- 
phur atoms,  64  gnims  of  isolated  oxygen  atoms,  and  2  grams  of 
isolateil  hydn>gen  atoms,  to  form  98  grams  of  isolated  mole- 
cules of  sulphuric  acid.     The  comparison  of  such  data  would 
give  us  what  we  may  appropriately  call  the  thermal  potentials 
of  the  isolated  atoms  in  their  several  relations,  and  this  would 
furnish  a  nieasure  of  the  various  bonds  by  which  the  atomt 
art>  hold  in  combination,  and  aftbrd  a  new  and  direct  method 
of  investigating  molecular  structures.     We  should  thus  obtain 
a  certain  criterion  for  determining  the  order  and  the  nature  of 
the  bonds  by  which  tlie  atoms  are  united  in  any  molecuk 
In  a  ixvont  notice  (this  Journal,  vol.  xix,  261,  April,  1880),  we 
\vr\^te:   **Tlie   pn^^lem  of  finding  what  we   have  called  the 
thermal  potential  of  the  atoms  is  not  more  remote  than  many 
pn^blems  which  liavo  been  successfully  solved  in  oi^nic  syn- 
thesis,** and  we  have  thus  sikmi  the  pleasure  of  calling  attention 
to  a  j>ariial  solution  of  the  pn^blem  then  stated. 

As  is  well  known,  in  the  molecules  C=C :  HC=CH;  H^Cb 
OH,:  II,C-OH,:  H,C  I  OH,  (the  first  representing  an  assumed- 
moleinile  of  oarlv^n  in  an  aeriform  condition,  and  the  last  repw^ 
seniing  two  moKvulos  of  mar^h  ^as)  our  present  theories  reeard'^ 
the  two  carln^n  atoms  as  united  by  four,  thnee,  two,  one  ana  no 
Ivuds  rx^si^ev'tively  :  and  in  the  paper  we  are  noticing  Thorns^ 
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seeks  to  determine  the  thermal  valae  of  these  several  bonds 
which  he  represents  by  the  symbols  v^,  v„  v,  and  Vj. 

As  a  starting  point  for  the  investigation  he  has  redetermined 
experimentally  the  heat  of  combustion  of  several  of  the  hydrocar- 
bons, namely  Methan  CH^,  Ethan  C,H„  Propan  C,Hg,  Propylen 
C,H^  and  the  values  obtained,  together  with  the  correspond- 
ing values  for  Ethylene  C,H^  and  Acetylene  C,H„  previously 
detennioed  (Pogg.  Ann.,  v.  143,  390),  are  united  in  the  column 
under  I  in  the  following  table.     Under  column  II  of  the  same 
table  we  have  given  the  heat  of  formation  of  the  same  hydro- 
carbons assum^  to  be  produced  from  amorphous  carbon  and 
hydrogen  gas.     As  we  already  know  (from  the  experiments  of 
Favre  and  Silbermann  and  from  previous  experiments  of  Thom- 
aen),  the  heat  of  combustion  both  of  amorphous  carbon  and  of 
hydrogen  gas,  namely, 

(C,  O,)=96,960°         (H„  O)=68,360<' 

it  is  very  easy  to  calculate  the  values  in  column  II  from  those 
in  column  I;  for  by  a  well-known  principle  of  thermo-chemis- 
try  the  heat  of  formation  of  a  hydrocarbon  is  equal  to  the  dif- 
fercDce  between  the  heat  of  combustion  of  the  compound  and 
Bum  of  the  similar  values  for  the  charcoal  and  hydrogen  gas 
from  which  it  is  assumed  to  be  formed.     In  the  case  of  CH^, 

20,150*^=96,960^+2  X  68,360*^-  213,530^ 

We  here  assume  that  the  hydrocarbon  used  in  our  experi- 
ments has  the  volume  it  naturally  would  take  under  the  nor- 
mal pressure  of  the  air,  and  hence  the  values  of  heat  of  forma- 
tion in  column  II  are  said  to  be  measured  under  constant  pres- 
sure. But  as  the  symbols  of  the  several  hydrocarbons  repre- 
sent equal  volumes  (the  same  volume  as  that  of  a  molecule  of 
hydrogen  gas  represented  by  H,)  it  is  evident  that  the  amount 
of  condensation  attending  the  formation  of  these  compounds 
differs  very  greatly.  Thus  if  we  leave  out  of  view  the  com- 
paratively insignificant  volume  of  the  solid  charcoal,  it  is  evi- 
dent that,  while  in  the  formation  of  CH^  two  volumes  are  con- 
densed to  one,  in  the  formation  of  C.Hg  four  volumes  are  con- 
densed to  one,  and  it  is  evident  that  if  we  wish  to  study  the 
chemical  action  solely  we  must  eliminate  the  effect  of  this 
mechanical  cause  of  the  evolution  of  heat. 

Now  it  can  be  calculated  from  well-known  data,  that  at  a 
mean  temperature  of  20"^  C.  580"^  are  set  free  for  every  molecu- 
lar Yolame  lost  by  condensation.  In  the  formation  of  CH^  from 
2H,one  molecular  volume  is  lost,  and  hence  by  subtracting 
580*  from  20,150*  we  obtain  the  amount  of  heat  which  would 
have  been  evolved  had  the  product  occupied  the  same  volume 
M  the  factors  from  which  it  was  formed.    In  like  manner  the 
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otiiff  ralaes  of  column  III  have  been  calculated,  and  we  tl 
obttin  vhat  may  be  called  the  heat  of  combination  under  c 
saiix  volume. 

Table  I. 
L 

L  CH. 
2.  C,H. 

4.  OtH. 

I:  dav  be  noticed  incidentally  in  connection  with  this  tal 
iuL:  she'wsults  confirm  the  previous  conclusion  of  Favre  ai 
<i.;>rfmann,  that  the  common  difference  of  CH,  between  ti 
u^fcibers  of  a  series  of  homologues  corresponds  in  all  cases 
eo,i*I  differences  in  the  calorific  posver  of  their  molecuk 
Tiu*  frv>"^  the  above  table  we  have 


L 

IL 

111. 

213,530* 

20,150« 

19,570* 

373,330« 

25.670« 

24,510* 

533,500« 

30,820« 

29,950* 

334,800« 

— 4,160* 

—4,740* 

495,200« 

+  760* 

—400* 

310.570* 

—48,290* 

—48,290* 

C,H, 

-  C,H.     =     160,170* 

CaH« 

-  CH*       =     159,800* 

C,H. 

-  CH*     =     160,400* 

*nj  it  is  evident  that  the  difference  in  question  must  be  vei 
oKiA>ly  160,000°. 

If,  next,  we  compare  the  heat  of  formation  under  consta 
YoUimo  of  all  the  hydrocarbon  molecules  which  contain  tv 
sitoms  i>f  carbon,  we  find  between  these  values,  also,  a  manife 
tt'lationsliip,  and  from  this  the  remarkable  conclusions  of  tl 
isiiH*r  wo  are  noticing  have  been  deduced. 

Table  II. 

Differences. 
Ca  =  —  a»  ) 

C,  +  H,  =  -  48,290*  > 

\  43.550  =  3r 

C,  +  H4  =  -    4,740*  \ 

[  29,260  =  2r 

C,  +  H.  =  +  24,610*  J 

2(0  +  114)  =  C,  +  H,  =  +  39,140*  [  ^^'^^^  =    '■ 

Now  Just  as  2CH4  is  the  limit  of  this  series  of  molecules  at  o 
timI,  ( ),  is  evidently  the  limit  of  the  series  at  the  other  end,  ai 
ihn  syinl)ol  C,  represents  the  theoretical  molecule  of  carbon 
tlio  lujriform  state  occupying  the  unit  of  molecular  volun 
tlifl  two  atoms  of  this?  molecule  united  by  four  bonds.  Nc 
if  w«  represent  the  heat  of  fonnation  of  this  molecule  by  — 
it  will  DC  seen  that  the  relationship  exhibited  by  the  tab 
tfivm  UH  at  once  the  means  of  calculating  its  value.  But  it 
olfvioiiH  tliat  while  the  results  given  in  the  tiible  are  sufficient 
lUMMmlant  to  exhibit  their  relationship,  we  should  obtain  qui 
(lillcrent  values  for  —a  by  combining  different  results,  and  tl 
utily  c^rroct  method  is  to  bring  all  the  determinations  into  tl 
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calculation,  combining  the  several  valaes  according  to  the  prin- 
eiple  of  least  sqaares.  This  Thomsen  has  done,  and  deduced 
for  the  most  probable  values 

a=106,630°.  r=:14,673. 

With  these  values  it  is  now  easy  to  calculate  the  following  table : 


Table  IIL 

BjmboL  HMtofFonnatloii.  Diflerencee. 

(S3  —  o  =  —  106,630« 

HOeCH  —  a  +    4r  =  —    48,338« 

H,0=CH,  -  a  +    7r  =  -      4,619« 

H,C-CH,  —  a  +    9r  =         24,527« 

H4C  I  CH4  -  a  +  lOr  =         39,100« 


4r  =    58,292 

1r  =  102,011 

9r  =  131,151 

lOr  =  146,730 


and  by  comparing  these  calculated  values  with  the  observed 
values  of  table  II  it  will  be  seen  how  closely  they  satisfy  the 
observations.  In  table  III  the  value  —a  is  the  heat  of  forma- 
tion of  the  assumed  product  C=C  from  amorphous  charcoal, 
and  is  the  sum  of  two  quantities,  first  the  amount  of  heat 
absorbed  in  completely  disassociating  the  atoms  from  the  amor- 
phous solid  coal,  and  secondly  the  amount  of  heat  that  must 
be  set  free  in  the  union  of  free  carbon  atoms  in  pairs  by  four 
bonds.  If  now  we  represent  the  first  value  by  —  2rfand  the 
second  as  already  proposed  by  v^  we  can  evidently  make  the 
equation 

— a=  -2(?+t?,  =  —  106,630°.  (1) 

If  a  hydrocarbon  is  formed  from  amorphous  carbon  and  hy- 
drogen gas,  the  process  must  involve  in  addition  to  the  disas- 
sociation  of  the  atoms  of  the  coal  a  division  of  the  molecules 
of  hydrogen  gas  also,  and  then  a  union  of  the  hydrogen  atoms 
to  the  carbon  atoms,  and  perhaps  also  a  union  of  the  carbon 
atoms  by  the  bonds  which  remain  open  one,  two  or  three,  as 
the  case  may  ba     Let  us  represent  now  by  —hh  the  heat  ab- 
sorbed in  the  disassociation  of  the  atoms  of  hydrogen  gas,  and 
by  ch  the  heat  evolved  from  the  union  of  the  carbon  and  hy- 
drogen atoms,  and    by  ?;,  v,  v,  the  thermal   effect  resulting 
from  the  union  of  the  carbon  atoms  by  three  bonds,  two  bonds, 
or  a  single  bond,  respectively,  and  we  can  at  once  deduce  the 
following  equation  which  shows  the  elements  of  which  the 
heat  of  formation  of  acetylene  consists : 

HC=CH=(C„  H,)=— 2c?-f  w.-f  2cA-  AA.  (2) 

It  will  be  noticed  that  the  symbols  in  lower  case  type  are  used 
to  represent  what  we  have  called  the  thermal  potentials  of  the 
atoms. 

Assuming,  as  the  facts  of  organic  chemistry  undoubtedly 
jostify,  that  the  thermal  effect  in  the  union  of  hydrogen  and 
carbon  atoms  is  always  the  same,  and  putting 
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we  can  readily  deduce  for  the  several  hydrocarbons  wc 
studying  the  following  equations : 

Table  IY. 
For       CH3  —  a  =z  —  2d  +  v^. 

HC=CH  -  a  +  4r  =  -  2d  +  ».  +  2g 
H,C=CH,  —  a  +  *lr  z=z  —  2d  '\-  vt  +  Aq 
H,C— CH>  — a+  9r=—  2d  +  t;i-f65 
H4C  I  CH4  -a  +  10r=-2d +  8g 

and  from  the  diflferences  between  the  successive  equatioi 
this  group  we  obtain  the  following  simple  relations  bet^ 
the  quantities  we  are  investigating : 

v^  — v»  =  2g  —  4r 
I',  — v,  =  2g  —  3r 
v%  —Vx  =z  2q  —  2r 
Vi  z=:  2q  —    r 

It  will  be  seen  that  we  have  thus  made  a  very  near  appr 
to  the  determination  of  the  thermal  value  of  the  several  b 
between  the  carbon  atoms,  but  as  in  the  last  group  the  i 
ber  of  unknown  quantities  exceeds  by  one  the  numoer  of 
arate  equations  (it  must  be  remembered  that  r  is  known) 
must  look  for  some  other  relation  to  furnish  an  additional 
dition.  We  can  find  this,  in  part  at  least,  in  the  thermal 
tions  of  the  oxides  of  carbon. 

The  heat  of  formation  of  the  oxides  of  carbon  from  a 
phous  carbon  and  oxygen  gas,  and  also  the  heat  of  formt 
of  carbonic  dioxide  from  carbonic  oxide  and  oxygen  gas 
given  in  the  following  table: 

Table  V. 

Heat  of  Formation 
Under  constant  prewnre.    U  nder  constant  yolame. 

(C,  Oa)  96,960c  96,960* 

(00,  O)  68,370«  68.080« 

(C,  0)  28,690«  28,880« 

The  first  of  these  values  is  the  same  as  that  used  above 
termined  by  Favre  and  Silbermann.  The  second  has  reee 
been  re-determined  by  Thomsen.  The  third  is  not  an  ex 
mental  value,  but  deduced  by  simply  subtracting  the  se( 
from  the  first.  As  there  is  no  condensation  of  gas  vol 
when  oxygen  gas  passes  into  carbonic  dioxide,  the  neat  of 
mation  of  carbonic  dioxide  under  constant  volume  is  the  s 
as  that  under  constant  pressure.  But  when  carbonic  oxide 
unites  with  oxygen  gas  to  form  carbonic  dioxide  there 
condensation  of  one  half  a  molecular  volume,  and  hence  in 
case  the  value  under  constant  volume  is  less  than  that  u 

♦  Notice  that  the  quantity  q  is  the  result  of  two  processes  necessarily  sib 
neous,  the  breaking  up  of  the  hydrogen  molecule  and  the  union  of  the  hyd] 
and  carbon  atoms. 
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ant  pressare  by  half  580'  (page  89).  If  now  we  analyze, 
the  principles  applied  to  the  hydrocarbons,  the  production 
e  oxides  of  carbon  from  amorphous  carbon  and  oxygen 
e  can  readily  deduce  the  following  equations,  the  mean- 
f  whose  terms  must  be  now  evident : 

2(C,  0)=-2(?- 00+2C0  (4) 

(C,  0J=:—  d'-oo+oco  (6) 

(C,  OJ  -2(C,  0)=(?— 2co+oco=39,200°.  (Table  V).     (6) 

—00  represents  the  heat  absorbed  in  dividing  the  mole- 
of  oxygen  gas,  co  the  heat  evolved  in  the  union  of  atoms 
rbon  each  with  one  atom  of  oxygen  and  oco  the  heat 
ed  in  the  union  of  atoms  of  carbon  each  with  two  atoms 
:ygen.  Could  we  assume  that  in  the  molecule  of  carbonic 
de  0=C=0  the  bonds  were  all  of  equal  value  we  should 
sarily  have  oco=2co,  and  then  from  the  last  equation  we 
id  at  once  deduce 

d  =  39,200*^  (7) 

this  being  known  the  values  of  v,  v,  v,  and  v^  could  at 
be  definitely  calculated   from   the  previous  equations, 
although  the  assumption  we  have  made  is  highly  proba- 
it  cannot  as  yet  be  proved,  and  it  is  possible  that 

2co— oco=ar  (some  unknown  quantity), 

in  this  case  we  should  have 

(?=39,200«+ar, 

ue  which  is  independent  of  all  hypothesis, 
tturning  now  to  the  equations  of  table  IV  and  taking  the 
3rical   values  of  the  left-hand  member  in  each  of  these 
tions  from  table  III,  we  can  at  once  find  by  simple  sub- 
;ion  the  following  values  : 

^=14,867«+^  (8) 

4 

Vt  =  C=C  =  -  28,230«  +  2x  (9) 

Vt  =  CEEC  =  +        688«  +  ix  (10) 

v,  =  C=C  =  +  16,033«  +     X  (11) 

t;i  =  C-C  =  +  14,805^  +  \x  (12) 

en  by  subtracting  we  find  the  thermal  values  of  the 
•al  bonds,  which  take  the  following  simple  forms  : 

For  the  first  bond       +  14.805«=  +  ^x  (13) 

For  the  second  bond  +       228*=  +  ia;  (14) 

For  the  third  bond     —  14,345«  +  ^  (16) 

For  the  fourth  bond  —  28,918«  +  ^a;  (16) 

Durse  if  the  probable  supposition  made  above — in  regard 
e  constitution  of  the  molecules  of  CO, — is  correct,  then  the 
3  containing  x  disappear  from  all  these  values. 
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AmiD,  a  very  remarkable  relation  appears  when  we  compare 
togewier,  as  in  table  VI,  the  values  of  r,  3,  v,  and  v^ 

Tablb  vl 

q   =  14,687«  +  ?-  =  r  +  ^ 

4  4 

r,  =  14,806«  +  |.  =  r  +  |- 
^9  =  16,033«  +  as  =  r  +  flc. 

It  seems  highly  probable  that  the  numerical  term  is  the  same 
in  all  these  values ;  and  the  fact  that  the'  sam§  constant  fre- 
quently appears  as  a  factor  in  the  data  of  thermo-chemistry 
renders  this  conclusion  still  more  probable.  Thus  we  find 
that  the  heat  of  formation  of  HCl,  NO  and  H,0  (in  the  condi- 
tion steam)  all  as  aeriform  products  under  constant  pressure  is 

as  follows : 

H,  +  01,  =     44,ooo«  =  3  X  li^eei* 

N,  +  0,  =  -  43,160«  =  3  X  14,383« 
H,  +  O    =       61,610«  =  4  X  14,402« 

The  constant  we  have  represented  by  r  has  evidently  then 
an  important  significance,  and  its  most  probable  value  is  that 
deduced  by  the  method  of  least  squares  from  all  the  observa- 
tions on  the  series  of  hydrocarbons  containing  two  atoms  of 
carbon,  as  shown  by  table  IIL     If  we  take  then  r= 14,578  as 

X 

the  true  value  and  q=r+-j,  we  can  easily  deduce  a  second 

value  of  d  from  the  data  given  in  the  table  on  page  92.  Since 
89,100°=— 2d+8g,  we  have  by  substituting  the  value  of  }, 
rf=38,742°+x.  From  the  oxides  of  carbon  we  have  d=39,200*^ 
•\-x.  The  mean  of  these  values,  omitting  the  last  two  figures  as 
insignificant,  is  d=38,900®-f  a:. 

The  following  are,  now,  the  most  probable  values  of  the 
chief  constants  used  in  this  investigation  : 

Tablb  VII. 

d  =  38,900«+    X  r     =  14,570« 

q  =  r  ■\-  ix  CO  =  6'r,880« 

Vl  =  r  +  -^  Va  =  r+  a; 

v,  =  +  }x  V4   =  —  2r  +  2fl5 

With  these  values  we  can  calculate  the  heat  of  formation, 
under  constant  volume,  of  a  hydrocarbon  from  amorphous 
carbon  and  hydrogen  gas,  by  means  of  the  equation 

(C.,  H^)  =z  ^nd+2mg  +  2v  {11) 

in  which  the  2v  is  the  sum  of  the  calorific  effects  resulting 
from  the  union  of  the  carbon  atoms  with  each  other.  The 
results  are  independent  of  the  unknown  quantity  a:  which  is 
eliminated  in  reaucing  the  equation.  Since,  as  just  statal  the, 
unknown  quantity  x  is  always  eliminated  on  solving  the  last 


ofihe  MoheuUxr  Structwre  of  the  Hydrocarbon  Compounds.  96 

qaation  we  can  put  r=g'=v,=t;,=14,570  and  v,=0.  If  also 
re  put  2'w=x,  Vj+oc,  v^+a:,  v„  (a;,,  x„  jr,  representing  respect- 
rely  the  number  of  single,  double  and  treble  carbon  bonds  . 
rhich  occur  in  the  molecule  of  the  hydrocarbon  in  question), 
'e  can  write  equation  (17)  in  the  following  more  convenient 
)nn : 

(C^  H^)=-.nX38,900«'+(2m4-a,+aJ,)  14,670°  (18) 

'his  formula  may  be  readily  adapted  to  the  various  types  of 
ydrocarbons  (the  paraffines,  the  olefines,  the  acetylenes,  benzol, 
tc.),  and  by  its  aid  we  can  calculate  the  heat  of  formation  of 
i£ferent  isomers  according  to  their  assumed  structure,  and  then 
n  comparing  the  calculated  values  with  the  direct  results  of 
xperiment  we  may  hope  to  obtain  a  new  test  of  our  theories 
>f  molecular  structure. 

In  the  series  of  paraffines  the  carbon  atoms  are  all  linked  by 
dngle  bonds,  and  no  isomerism  resulting  from  different  rela- 
tions of  the  carbon  bonds  is  possible.  Of  course  isomerism  can 
result  from  differences  in  the  grouping  of  the  carbon  atoms, 
but  of  this  our  thermo-chemical  theory  takes,  as  yet,  no 
account  The  general  formula  of  a  paraffine  is  C„  H,,^^^  and 
the  number  of  single  carbon  bonds  is  n— 1.  We  have  then 
2ni=2n+2;  x,=n— 1;  a:,  =  0.  Making  these  substitutions  in 
(18)  we  have 

(C-,  H^+.)=nX4810°+14670°  (19) 

and  the  calculated  values  of  the  heat  of  formation  under  con- 
stant volume  for  the  first  three  members  of  the  series  is  as 
follows.  The  observed  values  in  the  parallel  column  shows  as 
close  accordance  as  could  be  expected. 

Table  VIIL 

Calcxilated.  Obsenred. 

C  H4                          19,380«  19,510* 

CaH,                          24,190«  24,510« 

CHg                         29,000«  39,950* 

In  the  olefines,  however,  isomerism  resulting  from  different 
relations  of  the  carbon  bonds  is  possible  ;  thus  in  the  case  of 
C,H,  we  may  have 

>  -  <    "    =^^=M^^ 

The  general  formula  of  an  define  being  CnH,n,  we  have  in 
the  first  case  n  single  carbon  bonds,  and  in  the  second  case 
n-2  single  bonds  together  with  one  double  bond.  Making 
the  obvious  substitutions  in  equation  (18),  we  have  for  the  heat 
of  formation  under  constant  volume 

(1)  (Cn,  Ha.)  =  n  X  4810* 

(2)  (C^  HaJ  =  n  X  4810«  -  X4,5'rO« 


96      *'         J.  Tliomsen^s  T/ierTnochemical  Investigation 

For  propylene  n  =  3,  and  the  calculated  values  are  +14,480* 
or  —ISO*'.  According  to  Thomsen's  experiments  the  heat  of 
formation  of  propylene  prepared  from  isopropyliodide  is  —400*, 
which  would  inaicate  that  the  generally  received  opinion  in 
regard  to  the  structure  of  this  molecule  is  correct. 

With  the  acetylenes  we  may  have  three  distinct  types  of 
structure  depending  on  the  distribution  of  the  carbon  bonds. 
Thus  for  C,H^  either 

/    \  or    =0=0=    or    — (SO— 0— 

-c  =  c-  I 

The  general  symbol  for  an  acetylene  being  C„  H^^ 
we  have  in  isomera  of  the  first  type  n—l  single  with  one 
double  bond  :  in  isomers  of  second  type  n— 3  single  with  two 
double  bonds,  and  in  isomers  of  the  third  type  n— 2  single 
with  one  treble  bond.  Making  the  substitutions  as  before,  we 
obtain  the  following  equations  : 

(1)  (C,  Hw  -  2)  =  n  .  iSlO"^  -  29140« 

(2)  (C„,  H,,  -  2)  =  n  .  4810«  -  hl\0^ 

(3)  (C„,  Han  —  2)  =  n  .  4810«  -  58280<» 

and  for  allylene  the  three  values  are 

_  1 47  iQc         — 29283^'  -  43856*^ 

A  determination  of  the  heat  of  combustion  of  allyleue  was 
made  bv  Berthelot,  and  since  the  heat  of  formation  under  con- 
stant  volume  deduced  from  his  experiment  is  —38,320*,  it  is 
probable  that  the  last  of  the  three  symbols  above  represents 
the  ordinary  type  of  structure  and  this  again  is  in  accordance 
with  the  generally  received  opinion.  The  discrepancy  between 
theory  and  observation,  however,  is  quite  large,  and  Thomsen 
intends  to  make  further  experiments  on  this  substance. 

One  feature  of  this  investigation  of  Thomsen,  which  might 
be  overlooked  unless  attention  was  called  to  it,  may  be  appro- 
priately noticed  in  this  connection.  Omitting  the  unknown 
quantity  x,  which  indeed  is  probably  zero,  we  have  for  the 
values  of  the  carbon  bonds. 

and  r=14  670^  Hence  it  follows  that  the  same  energy  results 
whether  two  carbon  atoms  unite  by  one  or  by  two  bonds,  and 
that  when  the}'  unite  by  three  bonds  no  energy  whatever  is 
set  free.  At  first  sight  this  result  seems  strange,  for  we  should 
naturally  expect  that  the  larger  the  number  of  bonds  of  union, 
the  greater  would  be  the  force  required  to  separate  these  atoms 
and  hence  the  greater  the  manifestation  of  energy  when  these 
atoms  united.  On  the  contrary  this  investigation  shows  that 
if  two  carbon  atoms  are  united  by  two  bonds  it  requires  no 
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nergy  to  break  one  of  the  bonds  if  the  other  is  left  unimpaired, 
Itbough  it  requires  an  energy  measured  by  14,770°  to  break 
be  last  While  if  the  atoms  are  united  by  three  bonds  there 
I  as  strong  a  tendency  to  break  away  at  the  first  bond  as  there 
s  to  hold  together  at  the  last  bond. 

Strange,  however,  as  these  results  may  appear,  they  harmon- 
se  with  the  known  chemical  relations  of  the  paraffines,  olefines 
nd  acetylenes.  The  stability  of  a  chemical  compound  is  to  a 
ertain  extent  proportional  to  the  amount  of  energy  set  free  in 
Is  production ;  since  in  order  to  decompose  it  the  same  amount 
►f  energy  must  be  expended.  In  the  paraffines,  where  all  the 
arbon  atoms  are  united  by  single  bonds,  and  all  the  other 
x)nds  closed  by  hydrogen  atoms,  the  molecules  can  not  be 
iecomposed  unless  one  at  least  of  the  bonds  is  broken,  and 
each  break,  whether  between  cc  or  he,  implies  an  expenditure  of 
energy  represented  by  14,570^  Here  then  is  the  explanation 
of  the  great  stability  of  this  class  of  hydrocarbons. 

Passing  next  to  the  olefines  we  find  a  very  different  condi- 
tion. In  every  molecule  of  these  bodies  two  of  the  carbon  atoms 
are  united  by  a  double  bond,  and  one  of  the  two  can  be  broken 
without  the  expenditure  of  energy,  so  that  atoms  of  chlorine  or 
bromine  have  no  work  to  do  in  order  to  unite  at  these  points 
except  to  free  themselves  from  their  previous  association. 
Hence  arises  the  most  familiar  and  characteristic  chemical 
property  of  these  substances. 

Lastly,  in  the  acetylenes  the  same  tendency  is  still  more 
strongly  marked  ;  for  in  the  molecules  of  these  bodies  two  of 
the  carbon  atoms  are  united  by  a  treble  bond,  and  the  parting 
of  either  one  or  of  two  of  these  bonds  is  attended  with  a 
development  of  energy  which  is  added  to  that  resulting  from 
the  normal  attraction  of  the  carbon  atoms  for  other  radicals. 

But  the  molecular  structure  of  none  of  the  more  complex 
hydrocarbons  has  been  so  fully  studied  as  that  of  benzol  (CeH,), 
and  we  therefore  have  naturally  waited  with  great  interest  for 
the  results  of  the  application  of  the  new  method  of  investiga- 
tion to  this  compound.  In  the  last  number  of  the  Berichte  der 
deutsch.  chem.  Gesellschaft  (Oct  25, 1880),  the  expected  results 
are  published.  In  the  benzol  molecule,  six  only  of  the  twenty- 
four  bonds,  which  belong  to  six  carbon  atoms,  are  closed 
by  hydrogen  atoms  leaving  eighteen  bonds  to  unite  with  each 
other,  or  nine  connecting  bonds  as  they  are  usually  represented. 
Now  we  can  conceive  of  a  number  of  different  ways  in  which 
these  bonds  may  be  distributed  ;  but  there  are  only  two 
schemes  which  will  satisfy  the  well-known  facts  in  regard  to 
the  three  types  of  isomeric  derivatives  of  benzol.  These 
schemes  are  that  of  K6kule  represented  in  fig.  1,  and  that  of 
Ladenburg  in  fig,  2, 
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1.  2. 

c  c  c  -  — c 
•  II  II 
c^       c  c c 

In  the  first  scheme  there  are  three  single  and  three  double 
bonds ;  in  the  second  scheme  nine  single  bonds.  Making  now 
the  obvious  substitutions  in  equation  (18),  we  obtain  for  the 
heat  of  formation  under  constant  volumes  either 

— 60,360«or  -16,650% 

and  for  the  heat  of  formation  under  constant  pressure 

-59,200°  or  -15,490°. 

We  can  now  easily  calculate,  by  the  method  already  described, 
the  heat  of  combustion  of  benzol  vapor  and  we  shall  obtain 

846,040°  or  802,330°. 

Finally,  Thomsen  has  re-determined  with  great  care  the  same 
value  and  finds  as  the  mean  of  five  experiments  that  the  heat 
of  combustion  of  the  molecular  weight  of  benzol  (72  gr.)  is 
805,800°.     Hence  he  concludes  : 

**The  six  carbon  atoms  of  benzol  are  united  to  each  other  by 
nine  single  bonds,  and  the  previous  assumption  of  a  structure 
of  benzol  with  three  single  and  three  double  bonds  is  not  sup- 
ported  by  experiment." 

Thomsen  endeavors  to  prepare  the  way  for  the  reception 
of  this  conclusion  by  emphasizing  the  statement  that:  "f/^c 
great  resisting  power  of  benzol  militates  against  Vie  presence  of 
multiple  bonds.'^  But  although  it  is  true  that  chlorine  or  bro- 
mine act  on  benzol  far  more  feebly  than  on  ethj^lene  or  acety- 
lene, nevertheless,  under  no  great  stress,  benzol  does  yield  addi- 
tion products,  and  there  can  be  no  question  that  the  original 
scheme  of  K6kule  harmonizes  more  chemical  facts  than  the 
modification  of  this  scheme  proposed  by  Ladenburg.  The 
new  evidence  is  very  important,  but  until  its  bearing  has  been 
more  fully  investigated  it  can  not  be  regarded  as  conclusive. 
Indeed  the  interest  of  this  investigation  depends  not  so  much 
on  its  results  as  on  its  method.  It  is  a  bold  push  beyond  the 
beaten  tracks  of  science,  and  although  the  first  results  of  the 
venture  must  be  accepted  with  caution,  the  skill  displayed 
calls  forth  our  admiration  and  the  importance  of  the  methods 
employed  justifies  this  extended  notice. 
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IX. — On  a  Determination  of  the  Force  of  OravUy  at  the 
Summit  of  Fujiyama^  Japan;  by  T.  C.  Mekdekhall. 

!^  excursion  to  the  summit  of  Fujiyama  was  made  during 
irat  ten  days  in  August  of  the  present  year  (1880),  for  the 
ose  of  making  a  determination  of  the  force  of  gravity  at 
point  In  addition  to  four  special  students  in  physics 
the  Imperial  University,  the  writer  was  accompaniea  by 
5.  Chaplin,  Esq.,  Professor  of  Civil  Engineering,  who  de- 
ined  the  rate  of  the  chronometer,  and  rendered  muchiother 
ible  assistance.  The  preliminary  experiments  at  the  Uni- 
ty in  Tokio,  as  well  as  those  upon  the  mountain,  were 
ly  carried  out,  under  the  direction  of  the  writer,  by  Messrs. 
.kadate  and  Tanaka,  who  had  already  gained  much  val- 
3  experience  in  the  determination  of  the  force  of  gravity 
)kio.* 

I  stated  in  the  previous  paper,  it  was  decided  to  make  use 
>rae  form  of  the  so-called  *'  invariable  "  pendulum,  and  to 
)are  a  series  of  vibrations  made  at  Tokio  and  at  the  top  of 
Qouutain.  Owing  to  the  difficulty  of  getting  anything  in 
?ay  of  knife-edges  made  with  sufficient  accuracy  in  this 
try,  nothing  better  could  be  done  than  to  make  use  of  a 
r's  pendulum  by  Negretti  and  Zambra,  after  removing  one 
le  knife-edges,  the  *'  tail-pieces  "  and  all  of  the  unnecessary 
L  In  the  condition  in  which  it  was  used,  it  consisted  of  a 
)ar  of  brass  134  cm.  long,  88  mm.  wide  and  4  mm.  thick, 
a  knife-edge  at  a  distance  of  about  15  cm.  from  one  ex- 
ity.  At  nearly  the  lowest  point  was  fixed  the  flat  cylin- 
.1  weight,  10  cm.  in  diameter  and  19  mm.  thick,  which  was 
of  brass.  On  the  short  piece  projecting  above  the  knife- 
was  an  adjusting  slide-piece  which,  as  well  as  the  cylin- 
.1  weight,  was  fixed  in  such  a  way  that  accidental  move- 
i  was  rendered  impossibly.  In  order  to  prevent  any 
bility  of  entire  loss  of  results  by  means  of  the  accidental 
y  of  this  pendulum,  while  being  carried  to  and  from  the 
ntain,  another  of  nearly  the  same  vibrating  period  was 
ired,  the  flat  bar  in  this  case  being  of  well-seasoned  wood, 
the  cylindrical  weight  being  of  somewhat  different  form, 
knife-edge  used  was  that  which  had  been  removed  from 
i^ater^s  pendulum.  During  the  month  of  July,  both  pen- 
ms  were  vibrated  in  the  Physical  Laboratory  of  the  Univer- 
at  Tokio  in  the  same  room  and  from  the  same  pier  re- 
d  to  in  the  previous  paper.  Besides  these  two  penaulums, 
ippliances  consisted,  in  the  main,  of  a  Negus  break-circuit 
nometer,  a  chronograph  and  a  portable  transit  instrument 
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for  rating  the  chronometer.  Fortunately,  all  of  the  apparatus 
reached  the  top  of  the  mountain  in  safety.  The  weather  was 
exceptionally  lavorable  during  our  stay,  the  nights  being  clear 
and  the  wind  much  less  violent  than  is  usual.  The  party  occu- 
pied a  small  tent  upon  the  summit  of  the  mountain  within  a  few 
feet  of  the  edge  of  the  crater,  but  it  was  evident  that  it  could 
not  be  made  a  suitable  place  for  carrying  on  the  experiments. 
Fujiyama  is  a  **  holy  mountain,"  and  its  ascent  is  accomplished 
vearly  by  thousands  of  pilgrims  from  all  parts  of  Japan.  This 
has  resulted  in  the  erection  upon  the  summit  of  several  small 
stone  huts,  which  are  used  as  temples.  They  are  built  of  large 
and  regularly-shaped  pieces  of  lava,  piled  together  so  that  the 
shrines  within  are  perfectly  protected  from  wind  and  weather. 
The  priest  in  charge  of  one  of  these  kindly  permitted  us  to 
take  possession  of  it  during  the  few  days  of  our  stay,  and  it 
proved  to  be  well  adapted  to  our  needa  In  twenty-four  hours 
after  our  arrival  the  pendulums  were  ready  for  wort,  and  vibra- 
tions were  continued  during  the  greater  portion  of  two  days. 
Both  pendulums  were  swung  and  the  mode  of  recording  the 
time  was  similar  to  that  used  in  the  previous  determination  at 
Tokio.  The  length  of  time  in  each  series  was,  in  general, 
thirty  minutes.  Temperature  and  barometric  observations 
were  made  during  the  time  of  the  experiments.  Immediately 
after  the  pendulums  were  returned  to  Tokio  they  were  again 
vibrated  at  the  University,  in  order  to  discover  if  any  change 
had  taken  place  during  their  absence.  With  the  results  to  be 
considered  the  brass  pendulum  alone  is  concerned.  The  two 
pendulums  agree  well  with  each  other,  but  it  is  impossible  to 
introduce  any  correction  for  the  influence  of  moisture  upon  the 
wooden  pendulum.  Experiments  made  with  it  since  the  return 
from  Fujiyama,  under  different  degrees  of  huniidity,  show  that 
such  a  correction  would  be  necessary,  so  that  it  has  not  been 
introduced  into  the  calculations,  although  it  has  served  a  useful 

Eurpose  as  a  check.  Many  grqups  of  vibrations  were  recorded 
oth  upon  the  mountain  and  at  Tokio  before  and  after  the 
mountain  work.  Without  quoting  the  individual  results,  it 
will  be  sufficient  to  remark  that  they  agree  among  themselves 
slightly  better  than  those  given  in  the  previous  paper  on  the 
Tokio  determination. 

The  vibrations  at  Tokio  were  all  made  under  nearly  the  same 
conditions,  and  for  convenience  they  were  reduced  to  the  com- 
mon temperature  of  23°'5  and  barometer  80  inches.  The  time 
of  vibration  of  the  pendulum  at  Tokio,  under  these  conditions, 
the  mean  of  all  the  results,  was: 

«,=-999834  seconds. 
On  the  summit  of  the  mountain  the  barometric  pressure  was 
tolerably  constant  at  19*5  inches  and  the  temperature  8^*5,  and 
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\  these  conditions  they  were  all  reduced  after  being  corrected 
•r  are,  chronometer  rate,  &c.  Finally  the  mean  of  all  is  re- 
iiced  to  the  Tokio  conditions  as  to  temperature  and  pressure. 
he  coeflBcient  of  expansion  of  the  bar  has  not  been  deter- 
lined,  but  it  has  been  assumed  to  be  '00000187  for  1°  C.  This 
a  commonly  accepted  coefl&cient  for  brass,  and  a  comparison 
f  the  vibration  periods  of  the  pendulum,  under  diflFerent  tem- 
eratures,  indicates  that  it  cannot  be  far  from  correct  The 
orrection  for  difiFerence  of  barometric  height  is  the  most  diffi- 
ult  to  determina  Were  it  possible  to  vibrate  the  pendulum 
t  the  same  place  under  pressures  widely  differing,  it  might  be 
letermined  experimentally.  Lacking  this,  I  was,  fortunately, 
ible  to  refer  to  a  recent  elaborate  and  exhaustive  discussion  of 
;he  whole  subject,  from  an  experimental  as  well  as  from  a 
theoretical  standpoint,  by  C.  S.  Peirce,  Esq.,  of  the  U.  S. 
Coast  Survey.*  In  this  valuable  memoir  Mr.  Peirce  gives  a 
graphical  representation  of  the  periods  of  vibration  of  his  pen- 
dulum, under  various  pressures,  from  80  inches  of  mercury 
down  to  what  is  practically  a  vacuum.  By  interpolation  the 
period  for  any  pressure  between  these  limits  can  be  very  closely 
ascertained,  as  also  the  correction  in  going  from  one  pressure  to 
another.  There  are  important  differences  between  the  pendu- 
lom  used  by  Mr.  Peirce  and  that  in  use  here,  the  pnncipal 
one  being  the  difference  in  shape  of  the  cylindrical  weights,  and 
the  fact  that  in  our  pendulum  only  one  cylinder  was  carried. 
Nevertheless,  a  fair  approximation  to  the  correction  may  be 
taken  from  his  curve  showing  the  results  with  "  heavy  end 
down,''  and  observing  that  the  differences  in  the  two  pendu- 
lums are  such  as  to  make  the  correction  for  our  pendulums 
considerably  less  than  that  of  the  Coast  Survey.  In  this  way, 
by  considering  these  differences  the  correction  used  in  the  re- 
daction was  determined.  After  it  had  been  established,  I  was 
fortunate  in  getting  possession  of  the  complete  memoir  of  Mr. 
Bailey,  published  in  1832,  in  which  his  elaborate  experiments 
to  determine  this  correction  are  given  in  full.  Among  the 
many  pendulums  which  he  used  was  one  "No.  22,''  which,  in 
form  and  dimensions,  resembles  ours  quite  closely,  and  the  re- 
sults of  his  experiments  with  it  confirm  the  accuracy  of  the 
assumption  made.  It  will  be  remembered  that,  as  all  results 
are  reduced  to  the  Tokio  conditions,  the  correction  is  to  be 
made  for  only  about  one-third  of  an  atmosphere,  so  that,  al- 
though important,  it  is  less  so  than  if  the  reduction  had  been 
to  a  vacuum.     It  is  thought,  therefore,   that  the  correction  ap- 

tlied  is  not  far  wrong.     The  corrected  time,  then,  appears  to 
e  as  follows : 

*MM8ureiiients  of  Gravity  at  Initial  Stations  in  America  and  Europe.     Appen- 
#xNa  1(^  U.  8.  Coast  Survey.    Report  for  1876. 
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Time  on  Summit — ^temperature,  8°*6 ;  barometer,  19*6  incheB; 


^,=1-000146 


Correction  for  temperature 

to  reduce  to  23°-5      .      .      .     -000140 
Air  correction      ....  -OOOOSO 

Time  reduced  to  Tokio  conditions. 


^,=  1-000336 


Assuming  the  value  of  the  force  of  gravity  at  Tokio  to  be 
as  previously  determined, 

^,=9-7984 

it  follows  that  on  the  summit  of  Fujiyama, 

^,=9-7886 

Mr.  Peirce  has  introduced  an  important  correction  to  the  time 
of  vibration  of  a  pendulum  which  depends  upon  the  flexure  of 
the  support  I  have  carefully  examined  the  support  used  ia 
these  experiments,  attached  to  the  massive  stone  pier,  as  de- 
scribed in  a  previous  paper,  and  I  can  find  no  perceptible 
flexure.  No  means  of  making  a  minute  examination  were  at 
hand  on  the  summit  of  the  mountain,  but  from  the  nature  of 
the  mounting  there  I  am  convinced  that  no  considerable 
amount  of  flexure  was  possible. 

The  question  at  once  suggests  itselt  whether  it  is  possible  to 
make  use  of  this  result  in  a  determination  of  the  density  of  the 
earth.  While  many  of  the  circumstances  are  extremely  favor- 
able to  this  end,  many  of  the  data  are,  unfortunately,  quite  uncer- 
tain. It  was  originally  planned  to  undertake  at  the  same  time  a 
complete  trigonometrical  survey  of  the  mountain,  in  order  to  ob- 
tain the  necessary  data  as  accurately  as  possible  This,  however, 
we  were  obliged  to  defer,  but  it  is  hoped  that  it  may  be  made 
at  some  future  tima  The  following  is  offered  as.  perhaps,  the 
nearest  solution  of  the  problem  possible  under  the  cireom- 
stances. 

Fujiyama  is  an  extinct  volcano,  whose  height  is  known  to  be 
2*S5  miles  very  closely.  It  is  renowned  for  its  almost  perfect  sym- 
metry of  form,  and  for  the  fact  that  it  rises  solitary  and  alone 
out  of  a  plain  of  considerable  extent  Thus  there  is  not  much 
to  cvnsider  except  the  attraction  of  the  mountain  itself.  To 
determine  this  is.  of  course,  a  matter  of  considerable  difficulty, 
but  it  is  Wlieved  that  a  result  not  fer  out  of  the  way  is  reached 
by  making  the  following  assumptions.  Without  any  great  error 
the  mountain  may  be  assumed  to  be  a  cone.  The  summit  angle 
of  this  \.vne  has  Iv^n  obtained  bv  making  careful  measurements 
ufv^Q  a  lar^  number  of  photc^raphs  of  the  mountain,  taken 
fiv^m  many  different  points  oi  view.  The  mean  of  many 
me^isttiements.  which  do  not  differ  greatly  among  themselves, 
giv^  for  this  angle  ISS^.  Another  point  of  vitaJ  importance 
is  the  mean  density  of  tlie  moontain.    Tbe  rod^  as  far  as  caa 
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be  discovered,  is  quite  uniform  in  its  composition   throughout 
It  is  a  part  of  Japanese  tradition,  for  it  can   hardly  be  called 
history,  that   the  mountain   was   produced  in  a  single  night  in 
the  year  B.  C.  286.     Many  geologists  are  of  opinion  that  it 
is  mainly  the  result  of  a  single  eruption.     A  number  of  speci- 
mens from  the  surface  have  been  examined,  and  it  is  found  that 
when  the  air  is  retained  in  the  pores  the  density  is  about  r75, 
but  when  it  is  ground  to  a  powder  and  the  air  excluded,  it  is 
2'6.    These  facts  were  communicated  to  five  geologists,  at  pres- 
ent employed   in  Japan,   most  of  whom    have   considerable 
knowleage  of  the  mountain  from  personal  examination.     They 
were  requested  to  give  an  opinion  as  to  what  was  the  most 
probable  mean  density  of  the  mountain.     The  mean  of  these 
results  was  2'12,  which  is  assumed  to  be  correct  in  computing 
the  result,  and  it  also  happens  to  be  almost  exactly  the  mean  of 
the  two  densities  given  above.     The  time  of  vibration  of  the 
pendulum  at  the  level  of  the  sea  at  Tokio  has  been  corrected 
for  the  difference  of  latitude  between  Tokio  and  Fujiyama, 
-  which  is  about  19',  by  means  of  the  well  known  formula. 
When  this  is  done  it  becomes 

^,=•999847 

From  these  times  of  vibration  the  part  of  the  attraction  on 
the  summit,  which  is  due  to  the  mountain  itself,  is  easily  com- 
puted, and  then  the  attraction  of  the  mountain  in  terms  of  .the 
density  of  the  earth.  The  mountain  is  assumed  to  be  a  cone, 
whose  semi-vertical  angle  is  69°  and  density  2*12,  and  its  at- 
traction on  a  particle  at  its  vertex  is  computed.  Equating  these 
results  the  density  of  the  earth  results  as  follows: 

This  result  is  somewhat  greater  than  the  generally  accepted 
density,  but  when  the  uncertainty  of  some  of  the  data  is  con- 
sidered it  must  be  regarded  as  remarkably     lose. 

It  is  believed  that  the  density  of  the  mountain  is  the  most 
ancertain  of  all  the  factors,  and  it  will  be  of  interest  to  reverse 
the  problem  and,  assuming  the  density  of  the  fearth  to  be  5*67, 
as  determined  by  Baily,  find,  by  combining  this  with  the  pen- 
dulum experiments,  the  density  of  the  mountain.  When  this 
is  done  the  result  is: 

flf=2-08 

It  seems  to  me  that  these  experiments  establish,  with  consid- 
erable certainty,  the  fact  that  the  mountain  is,  for  some  reason, 
deficient  in  attraction,  which  leads  to  many  questions  of  great 
interest  concerning  the  possible  or  probable  structure  of  the 
mountain.  It  is  possible,  therefore,  that  these  results  may  be 
of  some  value  to  geologists  who  are  interested  in  the  structure 
of  volcanoes. 

Am.  Joub.  Soi.— Third  Sbbhcs,  Vol.  XXI,  No.  122.— Feb.,  1881. 

8 


104  W.  H.  DaU— Notes  on  Alaska  and 


Art.  X. — Extract  from  a  Report  to  C.  P.  Patterson,  Supi 
Coast  and  Geodetic  Survey;  by  W.  H.  Dall,  Assistant  in 
charge  of  schooner  **  Yukon,  employed  on  the  coast  of 
Alaska. 

On  the  11th  of  August,  after  a  stormy  and  tedious  pafisage, 
we  arrived  at  Plover  Bay,  in  Eastern  Siberia,  near  Bering 
Strait  The  longitude  of  this  place  has  been  independentlj 
determined  from  San  Francisco  and  St.  Petersburg,  so  that  it 
afforded  a  convenient  place  for  rating  our  chronometers  before 
beginning  work  on  our  coast  in  the  Arctic.  We  obtained  good 
observations  for  time  and  a  full  series  of  magnetics. 

The  surroundings  of  the  anchorage  are  barren  and  dreary, 
the  rocky  hills  covered  with  material  comminuted  by  the  frost 
and  presenting  little  vegetation,  except  a  luxuriant  growth  of 
lichena  The  people  here  are  the  Asiatic  Eiskimo,  described  by 
Nordenskjold,  modern  emigrants  from  America,  few  in  numb^ 
and  deteriorated  by  use  of  alcohol  obtained  from  illicit  traders. 
They  gave  us  no  trouble,  however,  and  the  fine  weather  made 
our  stay  here  quite  pleasant  When  we  arrived,  late  at  night 
two  canoes,  containing  the  entire  population,  came  out  to  meet 
us,  it  being  the  practice  of  the  traders  to  give  everybody  a 
drink  on  their  arrival  "  to  facilitate  trade."  They  asked  for 
*'  lum  '*  (rum)  and  were  informed  we  had  nona  **  No  got  lum  I 
American  schooner  no  got  lum  !  (with  rising  indignation).  Lie! 
Lum  got !''  was  the  exclamation  of  a  linguist  among  them. 
However,  much  to  their  disgust,  they  were  finally  convinced 
we  were  not  traders  and  departed,  leaving  us  in  peace. 

On  the  14th  of  August  we  sailed  from  Plover  Bav  to  the 
Arctic,  having  light  breezes  and  fine  weather.  On  the  20th, 
we  anchored  behind  Cape  Lisburne,  on  the  American  shore  in 
the  Arctic,  nearly  200  miles  north  of  Bering  Strait  The  air 
was  balmy,  the  sun  warm  and  bright :  no  snow  or  ice  visible 
on  land  or  water,  and  the  banks  covered  with  flowers,  among 
which  daisies,  monkshood  and  forget-me-nots  were  conspicuous 
The  natives  were  the  most  curious  and  annoying  beggars  we 
met  during  the  voyage,  and  it  was  necessary  to  have  a  cuard 
on  hand  to  keep  an  eye  on  the  instrument  cases,  etc,  while  ob* 
servations  were  going  on,  lest  they  should  be  stolen.  However, 
we  lost  nothing  except  our  patience  now  and  then,  and  obtained 
gooil  observations  for  latitude,  time,  and  a  good  series  of  mag- 
netics. 

The  land  hereabouts  is  high  for  the  most  part^  and  contains 
beds  of  good  coiil,  belonging  to  the  true  Carboniferous  period, 
with  limestones  containing  many  fossil  corals  and  other  jPaleo- 
zoic  remainsL     The  revenue  cutter  ''  Corwin  "  coaled  several 
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times  from  these  beds,  which  are  near  the  beach,  aod  reported 
the  coal  of  good  quality.  It  will  prove  of  importance  if  steam 
whaleships  come  into  general  use  in  this  region. 

We  sailed  for  Icy  Cape  the  next  day,  but  the  wind  being 

light,  did  not  reach  it  until  the  25th  of  August     That  evening 

we  proceeded,  seeing  several  whaleships,  and  the  following 

afternoon  spoke  the  cutter,  who  reportea  ice  near  at  hand,  and 

that  she  did  not  think  we  could  proceed  much  further  with 

safety.     We  soon  made  the  ice,  which  was  about  eleven  miles 

off  shore  and  nearly  parallel   with   it,  consisting   of  floating 

fragments,  much  soiled  with  mud  and  rising  seldom  more  than 

ten  feet  above  the  water,  forming  a  fringe  around  of  solid  fields 

of  rather  rough  pack  ice,  extending  beyond  the  range  of  vision 

from  the  masthead. 

We  spoke  several  of  the  whalers  as  we  proceeded.  All  repre- 
sented the  ice  as  moving  in  toward  the  land.  The  night  before 
it  had  moved  in  eighteen  miles,  there  being  a  strong  northerly 
wind.  After  passing  Point  Belcher  and  finding  that  off  the 
Sea  Horse  Islands  there  was  only  a  quarter  of  a  mile  of  open 
water,  we  decided  to  anchor  and  await  further  developments. 
The  weather  was  cloudy  with  heavy  wet  fog.  That  night  the 
ice  moved  in  three  miles  toward  shore ;  the  wind  also  strength- 
ened; the  weather  showed  no  signs  of  improvement,  and, 
rather  than  risk  being  grounded  by  the  ice  with  only  two 
months'  provisions  on  board,  I  decided  to  take  advantage  of 
the  favorable  wind  and  return  to  the  southward,  where  there 
was  still  much  work  to  do.  We  reached  nearly  the  latitude  of 
Point  Barrow,  and  were  about  fifty  miles  westward  from  it 
The  country  in  this  vicinity  was  almost  perfectly  flat,  and 
nothing  like  a  hill  or  rise  was  visible  anywhere. 

The  vegetation  was  quite  dense  on  the  land,  but  less  profuse 
than  at  Cape  Lisburne  and  with  fewer  flowers.  Large  lumps  of 
coal  lay  on  the  beach,  which  had  been  pushed  up  by  the  ice 
from  the  bottom  of  the  sea,  but  no  bed  rock  could  be  seen, 
and  the  soil  seemed  to  be  chiefly  a  sort  of  red  gravel.  At 
a  depth  of  two  feet  is  a  stratum  of  pure  ice  (not  frozen  soil) 
of  unknown  depth.  This  formation  extends,  with  occasional 
gaps,  north  to  Foint  Barrow  and  east  to  Eeturn  Eeef,  where 
the  ice  layer  is  about  six  feet  above  the  level  of  the  sea.  It 
goes  south  at  least  as  far  as  Icy  Cape  without  any  decided 
break,  and  is  found  in  different  localities  as  far  south  as  Kotze- 
bue  Sound. 

We  sailed  on  the  28th  of  August  from  Point  Belcher  and 
entered  Kotzebue  Sound  on  the  30th.  The  next  morning, 
August  31st,  we  anchored  in  Chamisso  Harbor,  Eschscholtz 
Bay,  in  which  vicinity  we  remained  four  days.  We  were  beset 
with  natives  from  all  quarters,  eager  to  trade  and  much  disap- 
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pointed  that  we  had  nothing  to  sell.  It  was  fortunate,  that  no 
rumsellera  had  been  in  the  vicinity,  for  the  number  of  the  na- 
tives was  so  great  that  they  might  easily  have  taken  chaise  if 
they  had  been  so  disposed. 

We  obtained  a  first  rate  series  of  observations  of  all  kinds 
on  Chamisso  Island.  On  the  2d  of  September,  the  weather 
being  unsuitable  for  observations,  I  took  the  large  boat  and 
crew  and  crossed  the  bay  toward  Elephant  Point,  the  site  of 
the  extraordinary  ice  formation,  first  observed  by  Kotzebue 
and  afterward  reported  on  by  Beechey  and  Seemann. 

We  landed  on  a  small,  low  point  near  some  old  huts,  and 
proceeded  along  the  beach  about  a  mile,  the  banks  being  chiefly 
composed  of  volcanic  breccia  or  a  slaty  gneissoid  rock.  Thej 
rose  fifteen  to  fifty  feet  in  height  above  the  sea,  rising  inland  to 
hilly  slopes,  without  peaks  and  probably  not  attaining  more 
than  three  or  four  hundred  feet  anywhere  in  the  vicinity. 

As  we  passed  eastward  along  the  beach,  a  change  look  place 
in  the  character  of  the  banks  They  became  lower  and  the 
rise  inland  was  less.  From  reddish  volcanic  rock  they  changed 
to  a  grayish  clay,  containing  much  vegetable  matter,  which,  in 
some  phices,  was  in  strata  in  the  clay,  and  in  others  indisacrimi- 
nately  mixed  with  it.  Near  the  ht'ginning  of  these  clay  hanks, 
where  they  were  quite  low,  not  rising  over  twenty  feet  ahove 
the  shore,  we  noticed  one  layer  of  sphagnum  (bog  moss)  con- 
taining marl  of  Iresh  water  shells,  belonging  to  th«*  genera 
Pisiihum,  ValvaUiy  etc.  This  layer  was  about  six  inches  thick. 
The  clay  was  of  a  very  tough  consistency,  and,  though  wet, 
did  not  stick  to  or  yield  much  under  the  feet.  The  sea  breaks 
against  the  foot  of  these  banks  and  undermines  them,  causing 
them  to  fall  down,  and  the  rough  irregular  talus  that  results  is 
mingled  with  turf  and  bushes  from  the  surface  above.  A  little 
farther  on  a  perpendicular  surface  of  ice  was  noticed  in  the  face 
of  the  bank.  It  appeared  to  be  solid  and  free  from  mixture  of 
soil,  except  on  the  outside.  The  banks  continued  to  increase 
slowly  but  regularly  in  height  as  we  passed  eastward.  A  little 
farther  on  another  ice-face  presented  itself  on  a  larger  scale. 
This  continues  about  two  miles  and  a  half  to  Elephant  Point, 
where  the  high  land  turns  abruptly  to  the  south  and  west,  and 
we  followed  it  no  farther.  The  point  itself  is  boggy  and  low, 
and  is  continued  from  the  foot  of  the  high  land,  perhaps  half  a 
mile  to  the  eastward,  forming  the  northwest  headland  to  a  shal- 
low bay  of  considerable  extent 

To  return  to  the  **  cliiBFs  " :  these  for  a  considerable  distance 
were  double;  that  is,  there  was  an  ice-face  exposed  near  the 
beach  with  a  small  talus  in  front  of  it,  and  covered  with  a 
coating  of  soil  two  or  three  feet  thick,  on  which  luxuriant 
vegetation  was  growing.     All  this  might  be  thirty  feet  in  height 
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mbing  to  the  brow  of  this  bank,  the  rise  from  that  brow 
i  lo  be  broken,  hummocky  and  full  of  crevices  and  holes ; 
t,  a  second  talus  on  a  larger  scale,  ascending  to  the  foot  of 
nd  ice-fece,  above  which  was  a  layer  of  soil  one  to  three 
lick  covered  with  herbage. 

^  brow  of  this  second  bluff  we  estimated  at  eighty  feet  or 
above  the  sea.  Thence  the  land  rose  slowly  and  gradu- 
>  a  rounded  ridge,  reaching  the  height  of  three  or  four 
•ed  feet  only,  at  a  distance  of  several  miles  from  the  sea, 
ts  axis  in  a  north-and-south  direction,  a  low  valley  west 
t,  the  shallow  bay  at  Elephant  Point  east  from  it,  and  its 
3rn  end  abutting  in  the  cliffs  above  described  on  the 
?m  shore  of  Eschscholtz  ^ay.  There  were  no  mountains 
er  high  land  about  this  ndge  in  any  direction,  all  the  sur- 
round was  lower  than  the  ridge  itself, 
out  half  a  mile  from  the  sea,  on  the  highest  part  of  the 
perhaps  two  hundred  and  fifty  feet  above  high  water 

at  a  depth  of  a  foot,  we  came  to  a  solidly  frozen  stratum, 
ting  chiefly  of  bog  moss  and  vegetable  mould,  but  con- 
g  good-sized  lumps  of  clear  ice.  There  seemed  no  reason 
ibt  that  an  extension  of  the  digging  would  have  brought 
solid,  clear  ice,  such  as  was  visible  at  the  face  of  the 
below.  That  is  to  say,  it  appeared  that  the  ridge  itself, 
liles  wide  and  two  hundred  and  fifty  feet  high,  waschieflv 
>sed  of  solid  ice  overlaid  with  clay  and  vegetable  mould. 
5  noticeable  that  there  was  much  less  clay  over  the  top  of 
3per  ice-face  than  was  visible  over  the  lower  one,  or  over 
ingle  face  when  there  was  but  one  and  the  land  and 
were  low  near  the  beach.  There  also  seemed  to  be  less 
ible  matter.  Near  the  beach  six  or  eight  feet  of  clay 
observed  in  some  places,  without  counting  what  might 
asidered  as  talus  matter  from  further  up  the  hillside.  In 
lace  only  did  We  notice  a  little  fine,  reddish  gravel,  and 
ere  in  the  talus  or  strata  any  stones. 

3  ice  fnce  near  the  beach  was  not  uniform.  In  many 
5  it  vvas  c'overeil  with  clay  to  the  water's  edge.  In  others, 
'  the  bank  was  less  than  ten  feet  higli,  the  turf  had  bent 
ut  hreakinjz  alter  b«Mn>r  undermined,  and  presented  a 
•    and    herbaceous    froin,    curving    over   quite    to    high 

mnrk. 
e  ice  in  general  had  a  semi  strati  Red  appearance,  as  if  it 
••  tained  the  horizontal  plane  in  which  it  originally  con- 
1.  The  surface  was  always  soiled  by  dirty  water  from 
irth  above.  This  dirt  was,  however,  merely  superficial, 
outer  inch  or  two  of  the  ice  seemed  granular,  like 
acted  hail,  and  was  sometimes  whitish.  The  inside  was 
and  transparent,  or  slightly  yellow-tinged,  like  peat  water, 
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but  never  greenish  or  bluish  like  glacier  ice.  But  in  many 
places  the  ice  presented  the  aspect  of  immense  cakes  or  frag- 
ments, irregularly  disposed,  over  which  it  appeared  as  if  the 
clay,  etc.,  had  been  deposited.  Small  pinnacles  of  ice  ran  up 
into  the  clay  in  some  places,  and,  above,  holes  were  seen  in  the 
face  of  the  clay-bank,  where  it  looked  as  if  a  detached  frag- 
ment of  ice  had  been  and  had  been  melted  out,  leaving  its 
mould  in  the  clay  quite  perfect 

In  other  places  the  ice  was  penetrated  with  deep  holes,  into 
which  the  clay  and  vegetable  matter  had  been  deposited  in  lay- 
ers, and  which  (the  ice  melting  away  from  around  them) 
appeared  as  clay  and  muck  cylinders  on  the  ice-face.  Large 
rounded  holes  or  excavations  of  irregular  form  had  evidently 
existed  on  the  top  of  the  ice  before  the  clay,  etc.,  had  been  de- 
posited. These  were  usually  filled  with  a  finer-grained  deposit 
of  clay  with  less  vegetable  matter,  and  the  layers  were  waved, 
as  if  the  deposit  had  been  aflfected  by  current  action  while 
going  on. 

In  these  places  was  noticed,  especially,  the  most  unexpected 
fact  connected  with  the  whole  formation,  namely,  a  strong, 
peculiar  smell,  as  of  rotting  animal  matter,  burnt  leather  and 
stable  manure  combined.  This  odor  was  not  confined  to  the 
spots  above  mentioned,  and  was  not  quite  the  same  at  all  places, 
but  had  the  same  general  character  wherever  it  was  noticed. 
A  large  part  of  the  clay  had  no  particular  smell.  At  the  places 
where  the  odor  was  strongest,  it  was  observed  to  emanate  par- 
ticularly from  darker,  pasty  spots  in  the  clay  (though  permute- 
ing  elsewhere),  leading  to  the  supposition  that  these  might  be 
remains  of  the  soft  parts  of  the  mammoth  and  other  animals, 
whose  bones  are  daily  washed  out  by  the  sea  from  the  clay 
talus. 

At  or  near  these  spots,  where  the  odor  was  strongest,  a 
rusty,  red  lichen,  or  lichen-like  fungus,  grew  on  the  wet  clay  of 
the  talus  in  extensive  patches.  Some  of  these,  of  the  bad 
smelling  deposit,  and  as  many  bones  of  the  mammoth,  fossil 
buffalo,  etc.,  as  we  could  carry  were  secured.  These  included 
a  mammoth  tusk,  with  both  ends  gone,  but  still  five  and  a  half 
feet  long  and  six  inches  in  diameter,  which  I  shall  forward  to 
the  office.  Dwarf  birches,  alders,  seven  or  eight  feet  high, 
with  stems  three  inches  in  diameter,  and  a  luxuriant  growth  of 
herbage,  including  numerous  very  toothsome  berries,  grewviith 
the  roots  less  than  a  foot  from  perpetual  solid  ice. 

The  formation  of  the  surrounaing  country  shows  no  high 
land  or  rocky  hills,  from  which  a  glacier  might  have  been  de- 
rived and  then  covered  with  debris  from  their  sidea  The  con- 
tinuity of  the  mossy  surface  showed  that  the  ice  must  be  quite 
destitute  of  motion,  and  the  circumstances  appeared  to  point  to 
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conclusion,  that  there  is  here  a  ridge  of  solid  ice,  rising 
ral  hundred  feet  above  the  sea,  and  higher  than  any  of  the 
about  it,  and  older  than  the  mammoth  and  fossil  horse : 
ice  taking  upon  itself  the  functions  of  a  regular  stratified 
.     The  formation,  though  visited  before,  has  not  hitherto 

intelligibly  described  from  a  geological  standpoint 
igh  many  facts  may  remain  to  be  investigated,  and  w hat- 
be  the  conclusions  as  to  its  origin  and  mode  of  preserva- 
it  certainly  remains  one  of  the  most  wonderful  and 
;ling  geological  phenomena  in  existence. 
1  the  3d  ox  September  we  sailed  from  Chamisso  Harbor 
iering  Strait,  arriving  oflF  East  Cape  of  Asia  about  6  A.  M. 
le  5th.  Broken  ice  intervened  between  us  and  the  shore, 
the  bight  southward  from  the  cape  was  packed  full  of  ice. 
could  not  approach  nearer  to  the  shore  tnan  four  mifea 
he  wind  was  fresh  but  the  opportunity  seemed  tolerably 
rable,  and  I  concluded  to  attempt  making  the  hydrother- 
section  across  Bering  Strait  at  once,  rather  than  risk  the 
ice  of  a  more  favorable  opportunity  with  its  possible  long 
ys.  We  therefore  proceeaed  across  the  strait  at  its  narrow- 
)art,  taking  temperatures  at  short  intervals  on  the  surface 
soundings  with  serial  five-fathom  temperatures  every  four 
s,  as  nearly  as  we  could  determine  at  the  time, 
he  shallow  depth  of  water  facilitated  our  work  very  much, 
e  were  able  to  bring  up  several  gallons  of  water  in  the 
live  water-buckets,  from  any  depth,  in  a  few  seconds  and 
it  with  an  unprotected  thermometer,  giving  us  much  more 
irate  results  than  the  Casella  thermometers  are  capable  of. 
found  the  wind  growing  more  arfe  more  severe,  and  were 
ged  to  reef  down  during  the  latter  part  of  the  day,  but 
seeded  in  getting  our  last  serial  sounding,  completing  the 
ion  at  a  time  when  we  should  at  any  rate  have  had  to  cease 
k,  so  heavy  was  the  sea  produced  by  the  wind  against  the 

Finally,  we  were  very  glad  to  run  for  shelter  to  Port 
ence,  which  we  reached  the  following  morning  quite  early, 
he  diagrams*  appended  to  this  report  will  show  the  details 
he  work,  and  I  may  say  here,  that  the  general  conclusion 
hed  from  these,  with  previous  and  subsequent  observations 
le  strait,  was  as  follows :  The  water  is  warmest  toward  the 
erican  side,  and  cools  gradually  toward  the  Asiatic  side, 
highest  temperature  is  48°  F.  and  the  lowest  about  36°  F. 
uniform  succession  of  the  vertical  curves,  representing  de- 
s  of  temperature,  is  somewhat  interfered  with  by  an  eddy 
ind  the  Dioraede  Islets  in  the  middle  of  the  strait,  but  is 
jfwise  very  regular. 

The  diagram  of  hjdrotbermal  section,  showing  surface  temperatures  and 
b,  is  the  only  one  that  oould  be  engraved  in  time  for  this  issue. 
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The  unifonnity  of  the  temperatures  from  top  to  bottom,  dcx 
away  with  the  idea  of  a  sub-surface  current  from  the  Arcti 
Ocean,  carrying  cold  water  southward,  a  result  I  had  expecte( 
and  confirmatory  of  my  suspicions  expressed  in  the  Append! 
to  the  Coast  Pilot  of  Alaska,  and  of  Onatzevich's  observatior 
on  the  Kamchatka  coast. 

Our  current  observations  showed  another  conclusion  to  I 
probable,  though  a  more  thorough  investigation  will  be  r< 
quired  to  place  it  beyond  question,  namely,  that  the  norther] 
current  through  the  strait  and  along  the  Arctic  Ocean  is  chiefl 
dependent  on  the  tide  for  its  force  and  direction,  and  on  tl 
warming  of  the  shallow  waters  of  Norton  Sound  and  i\ 
"  Yukon  "  and  vicinity,  for  its  high  temperature,  which 
greater  than  any  of  the  Bering  Sea  water  south  of  St  La\ 
rence4sland.  This  would  agree  with  the  observations  of  e; 
plorers  along  the  Siberian  coasts  and  elsewhere,  where  larj 
bodies  of  comparatively  warm  water,  derived  from  large  rivei 
are  poured  out  over  shallow  areas  of  a  cold  sea  basin. 

Tne  direction  of  the  current  in  the  strait,  when  we  were  lyir 
near  the  Diomedes,  was  reversed  by  the  tide,  and  the  vess 
tailed  in  opposite  directions  during  flood  and  ebb.  The  ra 
varied  with  the  strength  of  the  tide,  and  during  our  stay  d 
not  exceed  three  knots.  The  directions  agreed  with  the  trei 
of  the  land  on  either  side  of  Cape  Prince  of  Wales  (alot 
which  the  tide  runs  and  would  naturally  gather  its  greate 
velocity),  and  as  a  consequence  diagonally  across  the  strait 

Early  in  the  morning  of  the  10th  of  September  we  arrived; 
the  Diomedes,  and  were  most  fortunate,  notwithstanding  a  ver 
strong  breeze  was  blowing,  to  be  able  to  make  a  lee  under  tl 
end  of  the  Big  Dioraede,  and  a  landing  on  the  snow  in  a  sma 
gully,  where  observations  could  be  taken.  Had  the  wind  varie 
half  a  point  from  its  direction  this  could  not  have  been  don" 
and  weeks  might  have  passed  without  an  opportunity. 

These  islands  are  granite  domes,  rising  abruptly  from  tti 
water,  and  their  sides  rendered  perpendicular  by  the  action  ( 
the  sea.  The  water  is  bold  to ;  there  are  no  beaches.  Th 
weather  has  acted  on  the  surface  of  the  top  of  the  islands  so  i 
to  mflke  a  sort  of  broken  table-land,  the  drainage  from  whic 
has  cut  a  few  gullies  in  the  granite  bluffs.  By  digging  inl 
the  rubbish  and  massing  it  below,  the  natives  have  obtaine 
spaces  sufficiently  level  to  hold  a  few  huts.  There  are  two  vi 
lages,  one  on  each  island.  Fairway  Eock,  at  no  great  distanc 
is  uninhabited  and  almost  inaccessible.  Near  our  station  wi 
one  hut — empty — and  by  climbing  up  the  gully,  by  steps  li 
boriously  excavated  in  the  crumbling  granite,  the  natives  wei 
able  to  go  over  the  top  of  the  island  to  the  village  on  th 
other  side. 
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Millions  of  birds  afford  a  large  item  of  subsistence,  and  seal,* 
nd  later  in  the  season  some  walras,  are  taken  by  these  natives, 
rho  act  as  middle-men  in  trading  between  Asia  and  America. 
^  short  but  satisfactory  .set,  each,  of  time,  latitude,  dip,  inten- 
ity  and  azimuth  was  obtained,  with  angles  determining  the 
mtion  of  the  adjacent  island  and  the  prominent  features  of 
he  mainland  on  either  side. 

One  of  the  most  important  results  of  the  occupation  of  this 
,tation  was  the  determination  of  the  fact  that  the  boundary 
ine,  aR  defined  by  the  treaty,  does  pass  between  the  two  islands 
without  touching  either,  as  was  assumed  in  that  document,  but 
grhich  had  been  put  in  doubt  by  certain  erroneous  charts  of  the 
ricinity. 

I  may  say  that  the  decreasing  easterly  variation  which  we 
pointed  out  in  1878,  was  extremely  marked  in  the  northern 
stations  occupied,  some  of  the  results  showing  five  or  six  de- 
grees less  variation  than  is  indicated  on  the  latest  charts.  A 
Uiqrough  explication  of  the  results  must,  of  course,  await  the 
final  revision  of  the  computations 
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types;  by  Samuel  H.  Scudder.* 

It  only  remains  to  sum  up  the  results  of  this  reexamination 
of  the  Devonian  insects,  and  especially  to  discuss  their  relation 
to  later  or  now  existing  types.  This  may  best  be  done  by  a 
separate  consideration  of  the  following  points : — 

1.  There  is  nothing  in  the  structure  of  these  earliest  known 
insects  to  interfere  with  a  former  conclusionf  that  the  general 
b/pe  of  wing  structure  has  remained  unaltered  from  the  earliest 
times.  Three  of  these  six  insects  (Gerephemera,  Homothetus 
and  Xenoneura)  have  been  shown  to  possess  a  very  peculiar 
nearation,  dissimilar  from  both  Carboniferous  and  modern 
types.  As  will  also  be  shown  under  the  tenth  head,  the  dis- 
similarity of  structure  of  all  the  Devonian  insects  is  much 
greater  than  would  be  anticipated  ;  yet  all  the  features  of  neu- 
ration  can  be  brought  into  perfect  harmony  with  the  system 
laid  down  by  Heer. 

2.  These  earliest  insects  were  hexapnds^  and  as  far  as  the  record 
goes  preceded  in  time  both  arachnids  and  myriapods.  This  is 
shown  only  by  the  wings,  which  in  all  known  insects  belong 
only  to  hexapods,  and  in  the  nature  of  things  prove  the  earlier 

•This  guromary  of  results  is  the  conclusion  of  a  memoir  by  Mr.  Scudder  on  the 
Devonian  Insects  of  New  Bnmswick,  published  in  the  Anniversary  Memoirs  of 
the  Boston  Society  of  Natural  History,  1880. 

t  The  Early  types  of  Insects.     Mem.  Bost.  Soc.  Nat  Hist,  iii,  21. 
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apparition  of  that  group.  This,  however,  is  so  improbable  on 
any  hypothesis,  that  we  must  conclude  the  record  to  be  defec- 
tive. 

8.  They  were  all  lower  HeieromeXahola.  As  wings  are  the  onlj 
parts  preserved,  we  cannot  tell  from  the  remains  themselves 
whether  they  belong  to  sucking  or  to  biting  insects ;  for,  as  wai 
shown  in  the  essay  already  referred  to,  this  point  must  be 
considered  undetermined  concerning  many  of  the  older  insects 
until  more  complete  remains  are  discovered. 

Thejr  are  all  allied  or  belong  to  the  Neuroptera,  using  the 
word  m  its  widest  sensa  At  least  two  of  the  genera  (Plate- 
phemera  and  Gerephemera)  must  be  considered  as  having  a 
closer  relationship  to  Pseudoneuroptera.  than  to   Neuroptera 

S roper,  and  as  having  indeed  no  special  affinity  to  the  true 
feuroptera  other  than  is  found   in  Palaeodictyoptera.      Two 
others  (Lithentomum  and   Xenoneura),  on  the  contrary,  are 

Plainly  more  nearly  related  to  the  true  Neuroptera  than  to  the 
^seudoneuroptera,  and  also  show  no  special  affinity  to  true 
Neuroptera  other  than  is  found  in  Palseodictyoptera.  A  fifth 
(Homothetus),  which  has  comparatively  little  in  common  with 
the  Palaeodictyoptera,  is  perhaps  more  nearly  related  to  the 
true  Neuroptera  than  to  the  Pseudoneuroptera,  although  its 
pseudoneuropterous  characters  are  of  a  striking  nature.  Of 
the  sixth  (Dyscritus)  the  remains  are  far  too  imperfect  to  judge 
clearly,  but  the  choice  lies  rather  with  the  Pseudoneuroptera 
or  with  Homothetus.  The  Devonian  insects  are  then  about 
equally  divided  in  structural  features  between  Neuroptera 
proper  and  Pseudoneuroptera,  and  none  exhibit  any  special 
orthopterous,  hemipterous  or  coleopterous  characteristics. 

4.  Nearly  all  are  synthetic  types  of  a  comparatively  narrow 
range.  This  has  been  stated  in  substance  in  the  preceding 
paragraph,  but  may  receive  additional  illustration  here.  Thus 
Platephemera  may  be  looked  upon  as  an  Ephemerid  with  an 
odonate  reticulation ;  Homothetus  might  be  designated  as  a 
Sialid  with  an  odonate  structure  of  the  main  branch  of  the 
scapular  vein ;  and  under  each  of  the  species  will  be  found 
detailed  accounts  of  any  combination  of  the  characters  which 
it  possesses. 

5.  Nearly  all  bear  marhi  a/affinity  to  the  Carboniferous  Palaso- 
dicUjoptera^  either  in  the  reticulated  surface  of  the  wing,  its 
longitudinal  neuration,  or  both.  But  besides  this  there  are 
some,  such  as  Gerephemera  and  Xenoneura,  in  which  the 
resemblance  is  marked.  Most  of  the  species,  however,  even 
including  the  two  mentioned,  show  palaeodictyopterous  charac- 
ters only  on  what  might  be  called  the  neuropterous  side;  and 
their  divergence  from  the  Carboniferous  Palaeodictyoptera  is 
so  great  that  they  can  scarcely  be  placed  directly  with  the  mass 
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i  PalaDozoic  insects,  where  we  find  a  very  common  type  of 
ring  structure,  into  which  the  neuration  of  Devonian  insects 
•nly  partially  fits.     For : 

6.  On  the  other  hand^  they  are  often  of  more  and  not  less  com- 
Heated  structure  than  most  Palasodictyoptera.  This  is  tme  oY 
he  three  genera  mentioned  above  with  peculiar  neuration,  but 
lOt  necessarily  of  the  others,  and  it  is  especially  true  when 
hey  are  compared  with  the  genus  Dictyoneura  and  its  imme- 
liate  allies.  There  are  other  Palssodictyoptera  in  the  Carbon- 
ferous  period  with  more  complicated  neuration  than  Diclyo- 
leura,  but  these  three  Devonian  insects  apparently  surpass 
hem,  as  well  as  very  nearly  all  other  Carboniferous  insects. 
?uthermore : 

7.  With  the  exception  of  the  general  statement  under  the 
ifth  head,  they  bear  little  special  relation  to  Carboniferous  forms^ 
having  a  distinct  fades  of  their  oum.     This  is  very  striking;  it 
sroold  certainly  not  be  possible  to  collect  six  wings  in  one 
locality  in  the  Carboniferous  rocks,  which  would  not  prove, 
by  their  affinity  with  those  already  known,  the  Carboniferous 
age  of  the  deposit%   Yet  we  find  in  this  Devonian  locality  not 
a  single  one  of  PalaaoblattarisB  or  anything  resembling  them  ; 
and  more  than  half  the  known  insects  of  the  Carboniferous 
period  belong  to  that  type.     The  next  most  prevailing  Carbon- 
iferous type  is  Dictyoneura  and  its  near  allies,  with  their  retic- 
ulated wings.     Gerephemera  only,  of  all  the  Devonian  insects, 
shows  any  real  and  close  affinity  with  them  ;  and  even  here 
the  details  of  the  wing  structure,  as  shown  abore,  are  very 
different.     The  apical  half  of  the  wing  of  Xenoneura  (as  I  have 
supposed  it  to  be  formed)  also  bears  a  striking  resemblance  to 
the  dictyoneuran  wing  ;  but  the  base,  which  is  pr^erved,  and 
where  the  more  important   features   lie,  is   totally  difierent. 
The  only  other  wing  which  shows  particular  resemblance  to 
any  Carboniferous  form  (we  must  omit  Dyscritus  from  this 
consideration,  as  being  too  imperfect  to  be  of  any  value)  is  Plat- 
ephemera,  where  we   find   a  certain   general   resemblance   to 
Epheinei'iies  Riickerti  Gein.,  and  Acridites  priscus  Andr.,  but 
this  is  simply  in  the  form  of  the  wing  and  the  general  course 
of  the  nervules ;  when  we  examine  the  details  of  the  neuration 
more  closely  we  find  it  altogether  different,  and  the  reticulation 
of  the  wing  polygonal  and  not  quadrate  as  in  the  Carboniferous 
types.*     In  this  respect  indeed,  Platephemera  differs  not  only 
from  all   modern   Ephemeridae,  but  also  from  those  of  other 
geological  periods. f     Another  prevailing  Carboniferous  type, 

*  Dr.  H.  B.  Geinitz  has  kindly  reexamined  Ephemerites  Riickerti  at  my  request, 
lod  states  that  the  reticulation  is  in  general  tetragonal,  but  that  at  the  extreme 
outer  margin  the  cells  appear  in  a  few  places  to  be  elliptical  five-  or  six-sided. 

^The  Dictyoneurse  and  their  allies,  as  may  be  inferred,  are  considered  as  be- 
kmgiDg  to  the  Pal^sodictyoptera,  although  their  ephemeridan  affinities  are  not 
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the  Termitina,  is  altogether  absent  from  the  Devonian,  Half 
a  dozen  wings,  therefore,  from  rocks  known  to  be  either  De- 
vonian or  Carboniferous,  would  probably  establish  their  age. 

8.  The  Devonian  insects  were  of  great  size,  had  membranotu 
wings,  and  wei*e  probably  aquatic  in  early  life.  The  last  state- 
ment is  simply  inferred  from  the  fact  that  all  the  modern  types 
most  nearly  allied  to  them  are  now  aquatic.  As  to  the  first, 
some  statements  have  already  been  made;  their  expanse  of 
wing  probably  varied  from  40  to  175  mm.  and  averaged  107 
mm.  Xenoneura  was  much  smaller  than  any  of  the  others,  its 
expanse  not  exceeding  four  centimeters,  while  the  probable 
expanse  of  all  the  rest  was  generally  more  than  a  decimeter, 
only  Homothetus  falling  below  this  figure.  Indeed  if  Xeno- 
neura be  omitted,  the  average  expanse  of  wing  was  121  mm., 
an  expanse  which  might  well  be  compared  to  that  of  the 
^schnidse,  the  largest,  as  a  group,  of  living  Odonata.  There 
is  no  trace  of  coriaceous  structure  in  any  oi  the  wings,  nor  in 
any  are  there  thickened  and  approximate  nervules — one  stage 
of  the  approach  to  a  coriaceous  texture. 

9.  Some  of  the   Devonian   insects  are  plainly  precursors  of- 
existing  forms ^  while  ot/iers  seem  to  have  left  no  trace.     The  best 
examples  of  the  former  are  Platephemera,  an  aberrant  form  of 
an  existing  family  ;  and  Homothetus,  which,  while  totally  dif- 
ferent in   the  combination   of  its  characters  from   anything 
known  among  living  or  fossil  insects,  is  the  only  Paleozoic 
insect  possessing  that  peculiar  arrangement  of  veins  found  at 
the  base  of  *he  wings  of  the  Odonata,  typified  by  the  arculiw, 
a  structure  previously  known  only  as  early  as  the  Jurassic. 
Examples  of  the  latter  are  Gerephemera,  which  has  a  multi- 
plicity of  stmple  parallel  veins,  next  the  costal  margin  of  the 
wing,  such  as  no  other  insect,  ancient  or  modern,  is  known  to 
possess;  and  Xenoneura,  where  the  relationship  of  the  inter- 
nomedian  Irranches  to  each  other  and  to  the  rest  of  the  wing  is 
altogether  abnormal.     If  too,  the  concentric  ridges,  formerly 
interpreted  by  me  as  possibly  representing  a  stridulatin^  organ, 
should  eventually  be  proved  an  actual  part  of  the  wing,  we 
should   have   here  a  structure  which    has    never  since   been 
repeated  even  in  any  mo(lifi(»d  form. 

10.  They  show  d  remarkable  variety  of  structure,  indtcatimj  an 
abundance  of  insect  Hfe  at  that  epoch.  This  is  the  more  notice- 
able from  their  helont^ing  to  a  single  type  of  forms,  as  stated 
under  the  seventh  head,  where  we  have  seen  that  their  neura- 
tion  does  not  accord  with  the  commoner  type  of  wing  structure 
fonnd  in  Paleozoiij  insects.*  These  six  wings  exhibit  a  diver- 
sity of  neu ration  quite  as  great  as  is  found  among  the  hundred 
or  more  species  ot  the  Carboniferous  epoch;  in  some,  such  as 

*Cf.  Mem.  Boat.  Soc.  Nat  HiPt.,  iii,  19,  note  1. 
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ephemera,  the  structure  is  very  simple;  in  others,  like 
lothetus  and  Xenoneura,  it  is  somewhat  complicated  ;  some 
he  wings,  as  Platephemera  and  Gerepheraera,  are  reticu- 
i ;  the  others  possess  only  transverse  cross  veins  more  or 
distinct  and  direct  No  two  wings  can  be  referred  to  the 
e  family,  unless  Dyscritus  belongs  with  Homothetus — a 
It  which  cannot  be  determined  from  the  great  imperfection 
he  former.  This  compels  us  to  admit  the  strong  probabil- 
>f  an  abundant  insect  fauna  at  that  epoch.  Although  many 
eozoic  localities  can  boast  a  greater  diversity  of  insect 
2s  if  we  look  upon  their  general  structure  as  developed  in 
r  ages,  not  one  in  the  world  has  produced  wings  exhibiting 
hemselves  a  wider  diversity  of  neuration  ;  for  the  neuration 
he  Palaeodictyoptera  is  not  more  essentially  distinct  from 
t  of  the  Palseoblattariae  or  of  the  ancient  Termitina,  than 
b  of  Platephemera  or  Gerephemera  on  the  one  hand  is  from 
t  of  Homothetus  or  Xenoneura  on  the  other.  Uncon- 
msly,  perhaps,  we  allow  our  knowledge  of  existing  types 

their  past  history  to  modify  our  appreciation  of  distinc- 
js  between  ancient  forms.     For  while  we  can  plainly  see  in 

Palseoblattariie  the  progenitors  of  living  insects  of  one 
er,  and  in  other  ancient  types  the  ancestors  of  living  repre- 
tatives  of  another  ordt-r;  were  we  unfamiliar  with  the 
ei^ence  of  these  orders  in  modern  times,  we  should  not 
nk  of  separating  ordinarily  their  ancestors  of  the  Carbonif- 
us  epoch.  It  may  easily  be  seen,  then,  how  it  is  possible 
find  in  these  Devonian  insects — all  Neuropteraor  neuropter- 
5  Palaeodictyoptera — a  diversity  of  wing  structure  greater 
in  is  found  in  the  Carboniferous  representatives  of  the  mod- 
\  Neuroptera,  Orthoptera  ana  Hemiptera. 
11.  The  Devonian  insects  also  differ  remarkably  from  all  other 
ncn  types^  ancient  or  modern  ;  and  som^  of  them  appear  to  be 
n  more  complicated  t/ian  their  nearest  living  allies.  With  the 
L'eption  of  Platephemera,  not  one  of  them  can  be  referred  to 
y  family  of  insects  previously  known,  living  or  fossil ;  and 
3n  Platephemera,  as  shown  above,  differs  strikingly  from  all 
ler  members  of  the  family  in  which  it  is  placed,  both  in 
aeral  neuration  and  in  reticulation  ;  to  a  greater  degree  even 
in  the  most  abberrant  genera  of  that  family  do  from  the 
rmal  type.  This  same  genus  is  also  more  complicated  in 
ag  structure  than  its  modern  allies;  the  reticulation  of  the 
Qg  in  certain  structurally  defined  areas  is  polygonal  and  tol- 
ibly  regular,  instead  of  being  simply  quadrate ;  while  the 
iercalated  veins  are  all  connected  at  their  base,  instead  of 
ing  free.  Xenoneura  also,  as  compared  with  modern  Sia- 
la,  shows  what  should  perhaps  be  deemed  a  higher  (or  at 
ast  a  later)  type  of  structure,  in  the  amalgamation  of  the  ex- 
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ternomedian  and  scapular  veins  for  a  long  distance  from  the 
base,  and  in  the  peculiar  structure  and  lateral  attachments  of 
the  internomedian  veins:  in  the  minuter  and  feebler  cross 
venation,  however,  it  has  an  opposite  character. 

12.  We  appear,  therefore,  to  be  no  nearer  the  beginning  o/thingt 
m  Ike  Devonian  epoch,  than  in  the  Carboniferous,  so  far  as  either 
greater  unity  or  simplicity  of  structure  is  concerned  ;  and  these 
earlier  forms  cannot  be  used  to  any  better  advantage  than  the 
Carboniferous  types  in  support  of  any  special  theory  of  theorigia 
of  insects.  All  such  theories  have  required  some  Zosea,  Leptus, 
Cam podea, or  other  simple  wingless  form  as  the  foundation  point; 
and  this  ancestral  form,  according  to  Hseckel  at  least,  must  be 
looked  for  above  the  Silurian  rocks.  Yet  we  have  in  the  De- 
vonian no  traces  whatever  of  such  forms,  but  on  the  contrary, 
as  far  down  as  the  middle  of  this  period,  winged  insects  with 
rather  highly  differentiated  structure,  which,  taken  together,  can 
be  considered  lower  than  the  mass  of  the  Upper  CarDoniferoos 
insects,  only  by  the  absence  of  the  very  few  Hemiptera  and 
Coleoptera  which  the  latter  can  boast  Remove  those  few 
insects  from  consideration  (or  simply  leave  out  of  mind  their 
future  development  to  very  distmct  types),  and  the  Middle 
Devonian  insects  would  not  suffer  in  the  comparison  with  those 
of  the  Upper  Carboniferous,  either  in  complication  or  in  diver- 
sity of  structure.  Furthermore,  they  show  no  sort  of  approach 
toward  either  of  the  lower  wingless  forms,  hypotheticallj 
looked  upon  as  the  ancestors  of  tracheate  Articulata, 

13.  Finally,  while  there  are  some  forms  which,  to  some  degret^ 
bear  out  expectations  based  on  the  general  derivative  hypothesis  (f 
structural  development,  there  are  nuite  as  many  which  are  altogether 
unexpected,  and  cannot  he  explained  by  that  theory^  without  invok- 
ing suppositions  for  which  no  facts  can  at  present  be  adduced, 
Palephemera  and  Gerephemera  are  unquestionably  insects  of  a 
very  low  organization  related  to  the  existing  may-flies,  which 
are  well  known  to  be  of  inferior  structure,  as  compared  with 
other  living  insects ;  these  may-flies  are  indeed  among  the  most 
degraded  of  the  sub-order  to  which  they  belong,  itself  one  of 
the  very  lowest  suborders.  Dyscritus  too  may  be  of  similar 
degradation,  although  its  resemblance  to  Homothetus  leaves  it 
altogether  uncertain.  But  no  one  of  these  exhibits  any  inferi- 
ority of  structure  when  compared  with  its  nearest  allies  in  the 
later  Carboniferous  rocks,  and  they  are  all  higher  than  some 
which  might  be  named.  While  of  the  remaining  species  it 
can  be  confidently  asserted  that  they  are  higher  in  structure 
than  most  of  the  Carboniferous  types,  and  exhibit  syntheses  of 
character  differing  from  theirs.  It  is  quite  as  if  we  were  on 
two  distinct  lines  of  descent  when  we  study  the  Devonian  and 
the  Carboniferous  insects;  they  have  little  in  common,  and 
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Itch   its  peculiar  comprehensive  types.     Judging  from  this 
x)int  of  view,  it  would  be  impossible  to  say  that  the  Devonian 
osects  showed  either  a  broader  synthesis  or  a  ruder  type  than 
he  Carboniferous.     This  of  course  may  be,  and  in  all  proba- 
t>ility  is,  because  our  knowledge  of  Carboniferous  insects  is,  in 
comparison,  so  much  more  extensive;  but,  judging  simply  by 
die  facts  at  hand,  it  appears  that  the  Carboniferous  msects 
Barry  us  back  both  to  the  more  simple  and  to  the  more  gener- 
alized forms.     We  have  nothing  in  the  Devonian  so  simple  as 
Euephemerites,  nothing  so  comprehensive  as  Eugereon,  nothing 
at  once  so  simple  and  comprehensive  as  Dictyoneura.     On  the 
derivative   hypothesis,  we  must   presume,  from  our  present 
knowledge  of  Devonian  insects,  that  the  Palseodictvoptera  of 
the  Carboniferous  are  already,  in  that  epoch,  an  old  and  per- 
astent  embryonic  type  (as  the  living  Ephemeridae  may  be  con- 
sidered to-day,  on  a  narrower  but  more  lengthened  scale) ;  that 
Bome  other  insects  of  Carboniferous  times,  together  with  most 
of  those  of  the  Devonian,  descended  from  a  common  stock  in 
the  Lower  Devonian  or  Silurian  period ;  and  that  the  union  of 
these  with  the  Palseodictyoptera  was  even  further  removed 
from  us  in  time ; — carrying  back  the  origin  of  winged  insects 
to  a  far  remoter  antiquity  than  has  ever  been  ascribed  to  them  ; 
and  necessitating  a  faith  in  the  derivative  hypothesis,  which  a 
study  of  the  records  preserved  in  the  rocks  could^  never  alone 
aiTord ;  for  no  evidence  can  be  adduced  in  its  favor  based  only 
on  such  investigations.     The  profound  voids  in  our  knowledge 
of  the  earliest  history  of  insects,  to  which  allusion  was  made  at 
the  close  of  my  paper  on  the  Early  Types  of  Insects,  are  thus 
shown  to  be  even  greater  and  more  obscure  than  had  been 
presumed.     But  I  should  hesitate  to  close  this  summary  with- 
out expressing  the  conviction  that  some  such  earlier  unknown 
comprehensive  types  as  are  indicated   above  did   exist  and 
should  be  sought. 


Art.  XII. — On  the  Meteoric  Iron  of  Lexington  County^  South 
Carolina  ;  by  CHARLES  Upham  Shepard,  Emeritus  Professor 
of  Natural  History  in  Amherst  College. 

The  mass  here  described  was  sent  in  May  last  by  the  farmer 
on  whose  land  it  had  been  found  (through  the  hands  of  the 
Hon.  N.  A.  Meelze)  to  the  State  Commissioner  of  Agriculture, 
Col.  A.  P.  Butler,  for  examination,  and  by  the  latter  it  was 
forwarded  to  Pro£  C.  U.  Shepard,  jr.,  professor  of  chemistry  in 
the  Medical  College  at  Charleston.  It  was  immediately  re- 
ported upon  as  meteoric  iron.     The  finder  had  supposed  it  to 
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be  a  valuable  ore,  and  that  it  indicated  a  mine  upon  his  prop- 
erty. On  learning  its  true  character  he  relinquished  the  idea 
and  was  willing  to  allow  Prof.  Shepard  to  become  its  purchaser. 

Its  weight  as  first  found  was  ten  and  a  half  pounds.  Ito 
figure  was  oblong  or  that  of  a  cylinder  with  two  flattened 
edges  and  somewnat  compressed  at  the  ends;  on  the  whole, 
approaching  most  nearly  to  the  shape  of  a  very  transverse 
fresh-water  bivalve.  Unlike  many  of  the  iron  masses  found 
in  the  soil,  the  surface  of  the  present  iron  is  nearly  free  from 
yellow  hydrated  peroxide  of  iron,  being  mostly  enveloped  with 
a  black  and  brittle  coating,  which,  though  containing  some 
turgite,  is  yet  mostly  formed  of  magnetite.  The  general  sur- 
face is  smooth,  though  presenting  a  few  broad  but  shallow 
depressions.  A  series  oi  amygdaloidal  masses  of  troilite,  the 
largest  having  the  size  of  filberts,  traverses  the  body  near  the 
end  which  has  been  sliced,  and  where  they  were  so  abundant 
as  to  constitute  for  a  considerable  space  nearly  one-third  of  the 
aggregate,  while  elsewhere  they  scarcely  come  into  view,  ex- 
cept in  remote  isolated  amygdules.  Where  the  scaly  coating 
of  magnetite  is  thin  or  wholly  wanting  a  coarse  crystalline 
structure  appears,  but  without  any  very  continuous  lamination. 
The  slicing  is  not  difiicult  unless  the  saw  encounters  troilite 
or  magneiit^  the  latter  of  which,  associated  with  traces  of 
graphitoid,  envelopes  the  former  and  also  exists  elsewhere  in 
the  immediate  vicinity  of  the  amygdules,  in  a  coarse  net-work 
of  veins  The  existence  of  these  seams  occasionally  aids  in 
the  separation  of  small  fragments  of  the  iron,  between  whose 
layers  it  seems  to  have  insinuated  itself  and  acted  as  a  ruptu^ 
ing  force.  This  circumstance  seems  worthy  of  notice  here,  as 
one  of  the  causes  of  the  disintegration  and  detonation  of 
meteorites  while  traversing  our  atmosphere. 

The  most  interesting  feature  by  far,  of  the  Lexington  iron, 
is  that  of  its  remarkable  analogy  in  structure  and  composition 
with  the  Bohumilitz  iron,  found  in  J 829,  and  now  preserved  in 
the  Bohemian  National  Museum  of  Prague,  of  which  a  descrip- 
tion is  given  by  Dr.  Otto  Buchner  in  his  catalogue  of  meteoric 
collections,  page  158,*  and  still  further  in  the  memoir  on 
meteorites,  of  Prof.  Gustave  Rose,  in  the  transactions  of  the 
Royal  Academy  of  Berlin,  1863.t 

The  resemblance  of  the  etched  surfaces  of  these  irons  is  so 
strgng  that  they  might  very  easily  be  confounded  together. 
They  are  the  only  two  irons  which  strikingly  give  the  moire 

*  Die  Meteoriten  in  Sammlungon,  ihre  Geschiohte,  mineralo^sche  und  chem- 
isohe  Beschaffenhoit,  von  Dr.  Otto  Buchner.     Leipsic,  1863. 

f  Beflchreibung  und  Eintheilung  der  Meteoriten  auf  gnind  der  Sammlung  im 
mineralogischen  Museum  zu  Berlin,  von  Gustave  Rose,  aus  den  Abhandlungen  der 
Konigl.  Akadamie  der  Wissenschaften  zu  Berlin,  1863,  mit  vier  KupfertafeliL. 
Berlin,  1864. 
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raetaUique  luster.  The  chief  diflference  between  the  two  con- 
nsts  ID  the  thickness  of  the  crystalline  bars,  which  in  the 
LexiogtoD  iron  is  nearly  double  that  in  the  Bohumilitz.  In 
both,  Uieir  walls,  or  bounding  sides,  are  alike  broadly  undula- 
lory  or  wavy;  and  the  included  spaces  are  filled  with  closely 
crowded  points  of  rhabdite  (Rose)  and  extremely  minute  lines 
li  tsenite  (Beichenbach),  crossing  each  other  at  all  angles  from 
90  to  150®,  for  the  distinct  observation  of  which,  however,  a 
lens  is  requisite.  Instead  of  the  usually  bright  edges  of  the 
tffiDite  layers,  as  they  occur  within  the  bars,  one  sees  only 
bright  farrows  or  channels, — the  rhabdite  constituting  the  ele- 
vated portions  of  the  surface,  evincing  its  greater  passivitv 
nnder  the  action  of  the  acid  in  the  process  of  etching.  Indeed, 
the  t8Boite  laminse,  including  the  bars,  have,  from  the  same 
cause,  been  similarly  depressed  below  the  general  surface, 
tboagh  not  to  such  a  degree  as  to  conceal  their  glittering 
edgea  Whether  the  degree  of  corrosion  in  these  different 
constituents  of  the  iron  is  referable  to  a  difference  in  their 
chemical  composition,  or  is  simply  dependent  upon  a  diversity 
of  crystalline  structure,  it  is  impossible  to  decida  It  should 
here  be  added  that  in  passivity  it  far  surpasses  any  iron  hith- 
erto discovered.  Schreibersite  occurs  in  small  quantity  along 
with  the  graphitoid  and  magnetite  that  form  enveloping 
wrappers  around  the  amygdules  of  troilite ;  also  in  short  veins 
and  sashes  that  may  be  detected  here  and  there  on  broad  pol- 
ished surfaces  of  the  iron. 

The  Lexington  iron  shows  no  signs  of  chemical  alteration  by 
exposure  to  the  air,  in  which  respect,  also,  it  agrees  with  that 
from  Bohumilitz. 

The  specific  gravity  of  the  entire  mass  was  7,  that  of 
homogeneous  fragments,  7'405.  Specific  gravity  of  troilite, 
m. 

The  analysis  was  made  by  Prof,  C.  TJ.  Shepard  Jr.,  from 
cuttings  obtained  in  the  division  of  the  iron  in  such  a  way  as 
not  to  include  portions  of  the  pyritic  nodules.  The  following 
resalt  was  found : 

Iron  (with  traces  df  manganese) 92*416 

Nickel 6077 

Cobalt 0-927 

Insoluble  matters 0*264 


99-684 
With  traces  of  tin  and  phosphorus. 

N«w  Haven,  Nov.  17,  1880. 

Am.  Joto.  Sol— Third  Sbbies,  Vol.  XXI,  No.  122.— Fbb.,  1881. 
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Art.  XIII. — An  attempt  to  calculate  approximately  the  date  of 
the  Oladal  era  %n  aaatem  North  America,  from  the  depth  of 
aediment  in  one  of  the  howl-shaped  depressions  abounding  in  the 
Moraines  and  Karnes  of  New  Engtand;   by  G.  Frederick 

W  RIGHT. 

[Read  at  the  meeting  of  the  American  Association  for  the   Adyanoement  of 

Sdeooe,  in  Boston,  Aug.,  1880.] 

Following  the  suggestions  of  Mr.  Clarence  King,  made  to 
the  writer  four  years  since,*  Mr.  Warren  Upham  traced  a 
terminal  moraine  of  the  Continental  ice  sheet^  through  Cape 
Cod  from  east  to  west,  connecting  by  the  Elizabeth  Islands 
with  the  back  bone  of  Long  Island  at  Montauk  Point,  and 
continuing  to  Brooklyn,  N.  Y.  From  this  point  across  Staten 
Island  ana  through  New  Jersey  to  Belvidere,  Professors  Cook 
and  Smock  have  explored  itf 

Professor  Geo.  H.  Stone,  Mr.  Upham  and  myself  have  ex- 
plored and  extensively  mapped  the  **Kames"  or  ''Eskers'^of 
New  England,  which  prove  to  be  accumulations  of  gravel 
marking  the  course  of  tne  streams  which,  toward  the  close  of 
the  Qlacial  period,  poured  southward  toward  the  sea,  inde- 
pendent in  large  degree  of  the  present  water-courses.^  A 
striking  feature  of  both  the  terminal  moraine  and  the  kames 
is  the  numerous  bowl-shaped  depressions  occurring  in  them, 
which  Dr.  Edward  Hitchcock  §  described  as  "mere  holes,  not 
unfrequently  occupied  by  water,"  but  which  could  not  have 
been  formed  by  running  water.  In  Wisconsin  these  are  called 
kettle  holes,  from  their  resemblance  to  a  potash  kettle,  and  were 
first  described  and  correctly  explained  by  Col.  Charles  Whittle- 
sey of  Cleveland,  0.|  Professors  N.  H.  Winchell  and  Chamberlin 
have  since  been  industriously  marking  their  extent  as  they  occur 
in  the  so-called  Kettle  Range  in  Wisconsin.  The  most  satis- 
factory explanation  of  these  '*  holes,"  in  my  view,  is  that  they 
mark  places  where  masses  of  ice  were  buried  in  the  debris  of 
sand  and  gravel  brought  down  by  the  streams  of  the  decaying 
fflacier,  and  where,  upon  the  melting  of  the  buried  ice,  a  cone- 
shaped  depre^ion  would  appear  with  sides  as  steeply  inclined 
as  tne  nature  of  the  soil  would  permit     At  any  rate  there  can 

^  See  Proceedings  uf  the  Boston  Society  of  Nfttural  History,  toL  xix,  pp.  60-63. 

fSe«  ADnual  I&(x>rt8  of  the  Q«ologioal  Surrey  of  New  Jersey  for  1877  and 
1878. 

X  For  the  observstioDS  upon  which  these  statements  are  based,  see  Index  of 
i^^l.  Re|K>rt  of  N.  H.,  to).  iu«  under  "  Kames."  oommunicatioiis  of  the  author  ia 
Proceedings  oC  Bost  Soc  Nat  Hist,  vol.  xix,  pp.  47-63,  and  xx,  pp.  310-220, 
also  a  paper  reati  by  Professor  Stone  at  the  Amerioan  Aaaodation  itut  the  Ad- 
ranc^ment  of  Science  in  1880. 

^  See  Transactions  of  Am.  Assoc,  of  GooL  and  Nat  for  1841  and  1843,  p.  191. 

I  See  the  Smithsonian  Contributions  to  Knowledge  for  1866. 
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be  no  question  that  they  were  formed  about  the  close  of  the 
Glacial  period. 

It  occurred  to  the  writer,  some  years  ago,  that  these  holes 
might  be  made  to  do  service  in  estimating  the  date  of  the 
Glacial  era.  The  results  are  not  so  definite  as  could  be  wished 
and  from  the  nature  of  the  case  perhaps  investigations  in  this 
line  can  never  be  wholly  satisfactory.  Still,  where  every  at- 
tempt at  chronological  accuracy  has  been  unsatisfactory,  this 
may  not  appear  wholly  useless. 

The  depressions  oi  which  we  speak  are  of  all  shapes  and 
sizes,  from  symmetrical  "  kettle  holes"  to  ponds  and  lakes  of 
DO  mean  dimensions.  It  is  evident  that  they  cannot  always 
exist,  for  they  are  wearing  down  at  the  top  and  filling  up  at 
ihe  bottom.  For  the  same  reason  we  know  they  cannot  always 
have  been  in  existence.  As  typical  of  numberless  others 
which  appear  in  the  kames  I  present  facts  concerning  one  near 
Pomp's  Pond  in  Andover,  Mass. 

Pomp's  Pond  is  one  of  the  moraine  basins  to  which  we  have 
referrea,  and  is  about  a  quarter  of  a  mile  in  diameter  and  but 
slightly  above  the  level  of  the  Shawshin  River  into  which  it 
empties.  Upon  its  north  side  is  an  accumulation  of  gravel 
ana  sand  with  pebbles  intermingled,  in  which  there  are  several 
of  the  smaller  characteristic  bowl-shaped  depressions  of  which 
we  have  spoken.  Their  appearance  is  much  like  that  of  vol- 
canic craters.  You  ascena  a  sharp  declivity  from  every  side 
to  a  rim  of  gravel  and  then  descend  as  rapidly  into  the  bowl- 
shaped,  or  crater-like,  depression.  A  section  carried  across 
will  present  the  idea. 

138  ,.4!fe»^ 


Section  of  "  EetUe  Hole." 

From  the  level  of  the  pond,  and  two  or  three  rods  from  the 
edge,  you  begin  to  ascend  at  an  average  rate  of  about  one  foot 
in  three  till  the  south  side  of  the  rim  is  reached  at  a  height  of 
52^^  feet  above  the  pond.  (This  rim  is  not,  however,  of  a  uni- 
form height  On  the  east  side  it  rises  into  a  pyramid  77^  feet 
high).  Then  descending  50^  feet  vertically  you  are  carried 
138  feet  horizontally,  reaching  at  that  point  the  edge  of  a  cir- 
cular mass  of  peat  which  is  96  feet  in  diameter.  From  the 
opposite  side,  the  ascent  of  the  northern  rim  begins  and  you 
descend  from  its  top  to  the  valley,  repeating  almost  exactly 
the  first  ascent  and  descent  from  the  pond.  The  distance  from 
rim  to  rim,  or  the  diameter,  is  880  feet. 
Thus  it   is   evident  that  since  the  first  formation  of  this 

crater-like  depression  no  material  can  have  reached  the  bottom 
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except  from  three  sources :  1st,  the  wash  from  the  sides ;  2d, 
the  aecay  of  vegetatioa  which  grew  wiihin  the  circumference 
of  the  nm  ;  8d,  the  dust  brought  by  the  winds.  It  is  equally 
evident  that  what  is  once  in  cannot  get  out 

Now,  from  the  angle  of  the  declivity  the  original  depth  of 
the  depression  can  be  approximately  estimated.  If  the  angle 
be  still  the  name  as  at  first,  the  first  three  terms  of  the  propor- 
tion would  be  iJiS  :  50*5 : :  48  :  17*5,  making  the  original  depth 
below  the  present  surface  of  the  peat  a  trifle  over  17  5  feet 
If,  however,  we  suppose  the  original  slant  to  have  been  steeper 
and  the  rim  higher  we  can  still  see  that  there  must  have  been 
a  limit  to  the  depth.  Suppose  the  rim  to  have  been  one-third 
higher  and  the  slant  one-third  steeper  we  then  would  have  in 
round  numbers  the  proportion  188  :  68 : :  4^^ :  28^,  making  the 
original  depth  of  the  depression  nearly  24  feet  below  the  pres- 
ent surface  of  the  peat  From  the  natuce  of  the  material  it  is 
impossible  that  the  depression  should  originally  have  much 
exceeded  that  amount 

Accepting  this  conclusion,  the  problem  is  to  determine  the 
time  it  would  require  the  aeencies  mentioned  above  to  fill  the 
bottom  of  this  bowl  to  a  depth  of  twentvfour  feet — a  cone 
ninety-six  feet  in  diameter  at  the  base  and  twenty-four  feet  to 
the  apex — which  would  be  equal  to  a  depth  of  only  eight  feet 
over  the  present  surface. 

Let  us  apply  some  of  the  estimates  of  the  date  of  this  period. 
Mr.  J.  Geikie,  following  the  lead  of  Mr.  CroU  and  others  who 
look  to  astronomical  data  alone,  supposes  that  the  so-called 
Glacial  period,  whose  marks  we  now  study  in  these  low  latitudes, 
synchronized  with  the  last  period  of  high  eccentricity  of  the 
earth^s  orbit,  which  closed  about  80,000  years  ago  and  whose 
maximum  influence  must  have  been  exerted  about  200,000 
or  2 10,000  years  since.  But,  once  in  21,000  ;rears,  the  astro- 
nomical conditions  dependent  upon  the  precession  of  the  equi- 
noxes favorable  for  a  glaciation  of  the  northern  latitudes,  occur, 
though  owing  to  the  present  low  eccentricity  of  the  earth's 
orbit  this  influence  is  now  at  its  minimum. 

The  question  arising  in  connection  with  the  crater-like  de- 

()re8sion8  I  have  described  is :  Could  this  have  stood  with  so 
ittle  change  for  80,000  years  ?  or  even  for  40,000  years,  as  C 
H.  Hitchcock  supposes.*  Is  not  the  supposition  of  10,000 
sufficiently  extravagant?  If  the  close  of  the  great  glacial 
period  be  so  far  back  as  Mr.  Croll  and  Mr.  Geikie  estimate,  we 
must  believe  that  detritus  would  accumulate,  in  the  situation 
above  described,  over  a  surface  of  the  area  of  the  present  peat 
bog  only  at  the  rale  of  one  inch  in  1,000  years.  While,  if  we 
put  the  dose  of  this  f>eriod  back  10,000,  the  rate  of  accumula- 

^  See  Gedogy  of  New  Hampehire,  vol.  iu,  p.  327. 
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tion  would  seem  to  be  as  slow  as  oar  imaffipation  can  well 
comprehend,  viz :  one  inch  in  100  years.  The  slowest  rate 
which  Boucher  de  Perthes  calculated  for  the  accumulation  of 
peat  over  Roman  pottery  in  the  valley  of  the  Somme  was  three 
centimeters,  or  a  little  over  an  inch,  in  a  century. 

These  considerations  have  led  me  to  look  with  increasing 

distrust  upon  the  astronomical  calculations  which  are  made 

concerning  the  Qlacial  period,  unless  we  may  suppose  that 

the  moraines  of  which  we  have  spoken  mark  tne  limit  reached 

at  the  last  semi-revolution  of  the  earth's  equinoxes  about 

10,000  years  ago.    If  we  are  to  look  for  marks  of  glaciation  in 

the  earlier  and  more  extreme  period  of  the  eccentricity  of  the 

earth's  orbit  we  should  go  fartner  south.     The  glacial  detritus 

in  California,  where  Prof.  Whitney  has  found  human  remains, 

may  belong  to  that  earlier  period.     But  it  is  evident  that  the 

glacial  phenomena  of  New  England  are  comparatively  recent  in 

their  ongin. 


Abt.  XIV. — A  Bemarkable  Nugget  of  Platinum;  by  Peter 

Collier,  of  Washington,  D.  C. 

Several  jears  ago  I  came  into  possession  of  a  nugget  of 
platinum,  said  to  have  been  found  upon  land  adjacent  to  the 
village  of  Plattsburgh,  New  York.  Upon  examination,  the 
naffget  was  found  to  be  composed  entirely  of  native  platinum 
aad  chromite  disseminated  through  it  This  chromite  was 
black  and  of  a  somewhat  resinous  luster.  The  dimensions  of 
the  nugget  were :  length  4  cm.,  width  3  cm.,  thickness  2^  cm. 
Its  weight  was  104*4  grams.  The  specific  gravity  of  the 
entire  nugget  was  10*446,  and  an  average  of  three  determina- 
tions with  a  pycnometer  of  small  fragments  of  the  native  pla- 
tinum gave  17*35  as  their  specific  gravity. 

This  indicates  the  composition  of  the  nugget  by  weight  to 
be  about  as  follows:  chromite  64  per  cent,  native  platinum 
46  per  cent  The  nugget  was  found  to  be  slightly  attracted  by 
the  magnet,  a  fragment  weighing  '09  gram  being  raised  by  the 
magnet  The  metallic  portion,  separated  as  completely  as  pos- 
sible from  adhering  chromite,  was  dissolved  in  aqua  regia, 
leaving  a  slight  residue,  which  was  mainly  chromite  and  sand, 
of  only  '74  per  cent  The  chromite  was  decomposed  by 
fusion  with  bisulphate  of  potissium.  Its  composition  is  given 
as  follows ; 
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Cr,0. 64-944 

FeO 31-567 

A1,0.   6-690 

SiOa 3-731 

CaO 3-406 

MgO   -941 

100*278 

There  appeared  in  the  iDterstices  of  the  mass  a  little  earth 
which  probably  accounts  for  the  above  results  of  analysis.  By 
deducting  these  impurities  the  above  analysis  would  be: 

CraO. 63-611 

FeO 36-489 

100-000 

An  analysis  of  the  platinum  gave  as  follows: 

Platinum 82*814 

Iron 11040 

Palladium 3-106 

Iridium '627 

Rhodium -286 

Copper -397 

Alumina 1  -963 

Lime -069 

Magnesia -030 

100-321 

Owing  to  the  small  quantity  of  the  mineral  taken  for  analy. 
sis,  1*45  grams,  and  the  difficulty  in  separation,  the  above  anal- 
ysis is  perhaps  not  rigidly  exact,  and  in  fact  the  presence  of 
osmium  was  unmistakable,  although  its  amount  was  undeter- 
mined. The  above  analysis,  however,  shows  conclusively  that 
the  specimen  is  a  genuine  nugget  of  native  platinum ;  and 
upon  an  investigation  of  the  person  who  found  the  same,  it 
seems  established  beyond  question  that  his  statement  is  correct, 
since  the  mode  of  its  occurrence  and  the  locality  is  such  as  to 
render  the  statement  quite  credible. 

Several  other  specimens  were  said  to  have  been  found  at  the 
time  when  this  was  discovered,  but  owing  to  their  real  value 
being  unknown  they  were  mislaid  or  lost  A  personal  exam- 
ination of  the  locality  shows  it  to  be  in  a  drift  deposit  which  is 
of  considerable  extent  Adjacent  rocks  exposed  upon  the 
surface  show  well-defined  glacial  scratches,  and  the  bowlders 
constituting  this  deposit  are  mainly  from  rock  not  present  in 
place  in  that  immediate  locality.  The  occurrence  of  the  plati- 
num metals  in  the  St  Lawrence  valley  has  long  been  known, 
and  the  presence  of  extensive  deposits  of  chromite  and  its  min- 
eral-associate, serpentine,  in  the  same  general  locality  is  well 
established,  but  so  far  as  I  can  learn  this  nugget  appears  to  be 
remarkable  not  only  for  its  size,  but  also  a?  an  indication  of 
the  probable  presence  of  this  metal  in  a  locality  hitherto  udsos- 
pec  ted. 
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;T.  XV. — Notice  of  a  new  Genus  and  Species  of  Air-breath- 
ng  MoUusk  from  the  Coal-measures  of  Ohio,  and  Observations 
m  Dawsonslla  ;  by  R  P.  Whitfield. 

[n  the  excellent  and  interesting  article  entitled  ''  Bevision 
the  Land  Snails  of  the  Paleozoic  era,  with  descriptions  of 
N  species,"  by  J.  W.  Dawson,  in  the  November  number  of 
s  Journal,  the  author  gives  a  summary  of  the  knowledge 
ssessed  up  to  that  time  of  the  shells  of  this  group  of  mollusks 
3urring  in  these  formations.  The  recognition  and  descrip- 
D  of  what  is  supposed  to  be  a  similar  form  from  the 
ivonian  formations  of  New  Brunswick  adds  a  feature  of  great 
merest  to  the  knowledge  already  possessed. 
At  the  time  the  above  mentioned  article  appeared,  I  was  at 
)rk  on  a  new  form,  the  representative  of  a  new  genus  of  the 
ipidse,  from  the  Coal-measures  of  Ohio,  in  connection  with  the 
eparation  of  material  for  the  next  volume  of  the  Paleontol- 
y  of  that  State,  and  had  commenced  an  examination  of  the 
ber  species,  for  which  purpose  I  wrote  to  Professor  Dawson 
oblam  specimens  of  P.  veiusta;  when  he  called  my  atten- 
ID  to  the  article  above  mentioned,  where  I  found  the  work 
•eady  so  admirably  done  for  ma 

The  form  from  Ohio  is  so  entirely  distinct  from  any  and  all 
those  previously  described,  although,  like  them,  of  minute 
e,  that  I  have  concluded  to  call  immediate  attention  to  it 
The  general  form  of  the  shell  is  similar  to  that  of  the  group 
the  r^upidsB  usually  referred  to  the  genus  Vertigo ;  minute 
ells  with  a  nearly  vertical  aperture,  armed  with  several  pro- 
ting  tooth  like  points  within  its  cavity.  The  shell  in  ques- 
D  presents  these  same  features  with  the  additional  character 
a  small,  nearly  circular  notch  in  the  peristome,  near  the 
per  end  of  the  outer  lip,  very  closely  resembling  the  minute 
re-like  notch  occurring  near  the  upper  angle  of  the  aperture 
the  genus  Pupina  Vignard;  or  that  seen  in  Anaulus 
3iffer.  This  latter  feature  is  not  present,  so  far  as  I  am 
are,  in  any  genus  of  inoperculated  pulmoniferous  shells;  at 
st  not  in  the  same  degree  nor  with  the  same  apparent  pur- 
5e  that  it  occurs  in  the  operculated  genera  above  mentioned. 
)reover  the  last  whorl  is  contracted  or  flattened  on  the  back 
a  very  similar  manner  to  that  of  Pupina.  It  would  there- 
e  almost  seem  that  in  this  little  shell  of  this  early  age  is 
eshadowed  features  of  both  of  these  great  groups  of  a  later 
Qe.  The  projecting  teeth  within  the  aperture  as  hereafter 
scribed  would  preclude  the  possibility  of  an  operculum, 
iking  into  consideration  these  anomalous  features  I  have 
iDsidered  it  entitled  to  rank  as  the  type  of  a  distinct  genus. 
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and  propose  the  name  Anthracopupa,  with  the  following  char- 
acters. 

Anthbacopupa,  new  genus. 

Shell  minate,  pupaform,  with  few  volutions,  the  last  one 
unsymmetrical ;  axis  imperforate ;  aperture  large,  nearly  verti- 
cal ;  peristome  thickened,  united  above  by  a  thin  callus  on 
which  may  occur  one  or  more  palatal  teeth ;  other  tooth-like 
projections  occur  on  the  inner  margin  of  the  lip,  and  a  small, 
nearly  circular  notch,  resembling  that  in  Pupina^  deeply 
indents  the  inner  edge  of  the  outer  limb  near  its  junction  with 
the  body  whorl.  Surface  of  the  shell  marked  by  fine,  nearly 
vertical  lines.     Type  A.  Ohioeiisis. 

Anthracopitpa  Ohiobnsis,  n.  sp. 

Shell  small  and  robust,  having  a  length  of  about  three  and 
one-third  mm.  with  a  transverse  diameter  of  about  two  mm. 
and  consisting  of  about  four  volutions,  the  last  one  extremely 
ventricose  except  on  the  outer  half,  where  it  is  obliquely 
flattened  and  contracted,  and,  with  the  aperture,  forms  aboat 
three-fourths  of  the  entire  length  of  the  shell.  Aperture  lam, 
longer  than   wide,   and   broadly   rounded  at  the  base;   lip 


1. 


ArUhracopupa  Ohioenns  Whitf. 

Fig.  1,  view  of  the  aperture ;  2,  lateral  view  to  sh^w  the  thickened  lip ;  3,  btck 
view,  showing  lip  and  strise;  4,  aperture  more  enlarged.  Figs.  1-3  enlarged 
six  times. 

thickened,  rounded  within  and  forming  a  flattened,  thickeoed 
rim  on  the  outside,  particularly  on  uie  lower  part  Labial 
notch  situated  very  near  the  upper  extremity  of  the  lip,  regu- 
lar in  shape,  and  forming  nearly  two-thirds  of  a  circla  A 
single  tooth-like  ridge  of  moderate  size  extends  inward  from 
the  lip  at  about  the  middle  of  the  columellar  side,  and  another 
of  greater  size  projects  nearly  vertically  from  the  middle  of  the 
callus  which  coats  the  body  of  the  volution  within  the  aperture. 
Umbilical  chink  small.  Surface  of  the  shell  marked  by  fine, 
nearly  vertical,  even  strieo  or  lines.*  Apex  apparently  mamil- 
lated. 

Formation  and  locality, — In  the  higher  beds  of  the  Coal* 
measures,  near  Marietta,  Ohio. 
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)  making  the  stadies  of  the  afore^mentioned  shell,  [  obtained 
)  John  Collette,  Esq.,  State  Geologist  of  Indiana,  specimens 
^pa  Vermilumensis  and  Dawsonella  Medci  Bradley.     I  find 

the  latter  shell  has  the  aperture  much  contracted  bj  the 
kening  of  the  lip  on  the  inside,  and  against  the  body  volu- 

by  a  thickened  callus  coating  the  volution  and  almost 
sealing  the  umbilicus,  while  it  straightens  that  margin  of 
aperture.  These  features  contract  the  aperture  to  a  very 
11  part  of  what  it  must  have  been  before  the  callosity  was 
lea,  while  the  surface  of  the  callus  is  slightly  concave  from 

to  side,  over  the  distance  between  the  umbilicus  and  the 
-gin  of  the  apertura  The  form  of  this  callus,  especially  when 
sn  in  connection  with  the  thickening  of  the  inside  of  the 

has  so  much  resemblance  to  the  corresponding  parts  of 
licina,  that  I  cannot  but  come  to  the  conclusion  that  Daw- 
ella  was  an  operculated  shell,  although  in  the  rock  in  which 
y  are  found  I  have  sought  in  vain  for  anything  resembling 
operculum.     In  the  article  quoted  above,  the  author  shows 

extent  of  this  callus  in  his  figure  18  on  page  412,  and  it  is 
II  shown  in  the  accompanying  outlines. 

6. 


Dawsonella  Meeki  Bradley. 

igs.  5  and  6,  profile  and  basal  view  of  Dawsonella  Meeki  Brad.,  to  show  the 
1  of  aperture  and  callus  resembling  that  of  Helicina. 

^pa  vetusta  and  Pupa  Vermilionensis  are  both  accompanied 
the  material  in  which  they  are  found,  by  small  helicoid 
lis,  which  have  been  described  under  the  generic  name 
vsonella.  The  present  species  is  not  known  to  have  any 
b  associate ;  but  on  the  other  hand,  like  the  first  ppecimen 
P.  vetusta  found,  is  accompanied  in  one  of  the  layers  in 
ch  it  occurs,  by  immense  numbers  of  what  appears  to  be  a 
3ie8  of  Spirorbis,  which  is  so  abundant  that  a  small  hand 
3imen  from  which  two  of  the  Anthracopupas  were  taken, 
ns  to  be  nearly  half  composed  of  it.  The  form  of  these 
nelid  shells  is  that  common  in  most  species  of  the  genua 
3y  have  a  diameter  of  nearly  one  line,  and  although  now 
iked  together  in  the  shale  promiscuously,  one  surface  is 
lerally  more  or  less  flattened  as  if  through  attachment  to 
ne  foreign  body  ;  and  they  have,  I  presume,  been  attached 
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to  marine  plants  from  which  they  have  fallen,  as  they  were 
decomposed,  and  have  thus  been  amassed  on  the  muddy 
bottom.  This  species  I  propose  to  designate  by  the  following 
name  ;  and  illustrations  of  it  will  be  given  in  the  Paleontology 
of  Ohio,  voL  iii. 

Spibobbis  anthbacosia,  n.  sp. 

Shell  minute,  planorbiform,  composed  of  from  one  to  two 
and  a  half  volutions,  tube  slender,  and  very  gradually  increas- 
ing in  diameter,  marked  by  very  fine,  irregular,  encircling 
stria3,  which  are  often  gathered  into  little  knots  or  points  near 
the  border  of  the  open  umbilicus.  Lower  side  of  the  shell  more 
or  less  flattened  as  if  for  attachment  to  some  foreign  substance. 
Diameter  seldom  exceeding  one  line,  generally  less. 

Formation  and  locality. — In  the  higher  strata  of  the  Goal- 
measures,  near  Marietta,  Ohio ;  associated  with  Anthracopupa 
Ohioensis. 


Abt.  XVI. — Hiddenitey  an  Emerald-green  variety  of  Spodumene; 
by  J.  Lawbbnob  Smith,  of  Louisville,  Ky. 

The  new  variety  of  spodumene  described  in  this  papw 
was  discovered  about  five  years  since  on  the  farm  of  Mr. 
Warren,  in  Alexander  County,  North  Carolina,  one  of  the 
western  counties  of  the  State,  which  counties  have  furnished 
within  a  few  years  so  many  interesting  minerals,  including  the 
samarskite.  Shortly  after  its  discovery  some  crystals  came 
into  the  hands  of  Mr.  Stephenson  of  Statesville,  the  best  of 
which  he  sent  to  Mr.  N.  Spang  of  Pittsburgh.  Subsequently 
he  showed  others  of  them  to  Mr.  W.  E.  Hidden,  a  very  enter- 
prising collector  of  the  minerals  of  this  region,  and  from  him  I 
obtained  all  the  specimens  examined,  as  well  as  my  informa- 
tion in  regard  to  their  mode  of  occurrence.  The  crystak 
were  first  found  very  sparingly,  and  loose  in  the  soil,  but  Mr. 
Hidden,  having  leased  the  locality  and  carried  on  a  systematic 
exploration,  has  discovered  the  mineral  in  sitti,  and  obtained 
many  fine  crystals. 

Up  to  the  time  when  my  attention  was  called  to  the  mineral 
it  was  considered  diopside,  a  reasonable  conclusion  considering 
the  imperfect  character  of  the  crystals  that  had  been  found. 
A  blowpipe  test,  and  a  determination  of  its  specific  gravity 
showed  me  that  it  was  not  diopside,  but  an  unusual  variety  of 
spodumene. 

Mode  of  occurrence, — In  the  absence  of  any  drift  formation 
in  this  region  it  is  evident  that  all  the  minerals  found  here 
detached  and  loose  in  the  soil — as  most  of  them  are — were 
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fornished  by  the  rocks  beneath.  The  soil  has  been  formed  by 
&e  decomposition  of  these  rocks,  and  surface  washings  have 
caused  only  small  displacement  of  the  mineral  from  its  original 
locality.  The  rocks  are  metamorphic  and  are  mostly  gneiss 
and  mica  schist 

The  vein  bearing  the  spodumene  crystals  i*uns  almost  due 
east-and-west  across  the  bedding,  and  dips  at  an  angle  of  70^ 
It  is  only  a  few  inches  wide  and  two  feet  in  lateral  exten- 
sion, being  in  fact  a  kind  of  chimney.  There  are  other 
similar  veins  in  the  vicinity,  but  it  is  only  in  this  one  that  the 
crystals  have  yet  been  found.  The  walls  of  this  contracted 
vein  contain  crystals  of  quartz,  mica,  mtile,  beryl  and  ortho- 
dase.  The  beryls  are  very  fine,  and  may  yet  be  found  sufii- 
ciendy  colored  to  be  valuable  as  gems.  The  vein  does  not 
come  to  the  surface  but  commences  about  eight  feet  below  it, 
as  a  narrow  seam  of  hard  kaolin,  and  in  this  kaolin  lies  the 
spodumene ;  the  vein  so  far  as  yet  explored  having  undergone 
alteration.  One  end  of  the  crystals  is  almost  invariably 
broken ;  but  they  are  sometimes  imbedded  in  quartz  crvstafs 
and  are  perfect  in  form  ;  others  occur  attached  to  the  sides  of 
the  quartz.  The  vein  has  been  worked  to  a  depth  of  twenty- 
three  feet,  without  any  material  change  in  its  character. 

Color. — ^The  mineral,  which  is  always  transparent,  ranges  in 
color  from  colorless  (very  rare)  to  a  deep  emerald  green  ;  some- 
times the  entire  fragment  has  a  uniform  green  color,  but  gen- 
erally it  is  more  intense  at  one  of  the  extremities. 

Crystallization.  —  The  crystals  are  very  frequently  twins, 
rarely  fourlings.  They  are  often  terminated  at  one  extremity, 
but  the  planes  are  dull  and  curved,  so  that  good  meas- 
urements cannot  be  made.  Sometimes  single  crystals  are 
terminated  by  the  planes  2-t  only,  but  the  planes  2,  24  and 

0  are  common.  The  prisms  /-i,  /  and  i-2  are  common  and 
deeply  striated.  The  crystal  which  is  supposed  to  be  a  four- 
ling  has  two  sharp  projecting  edges  in  the  termination,  crossing 
each  other.  The  largest  crystal  yet  found  is  2J  inches  in 
length  but  very  thin ;  the  average  size  is  about  half  an  inch 
long  bv  three-sixteenths  thick. 

Professor  E.  S.  Dana  has  kindly  furnished  me  with  additional 
observations,  made  on  some  imperfect  crystals,  which  I  add 
here.  *'The  crystals  occur  in  slender  prismatic  forms,  showing 
in  the  prismatic  zone  the  two  pinacoid  planes,  also  z-f ,  /,  z-2  , 
t-3^ ;  in  this  zone  the  crystals  are  deeply  striated,  and  are 
flattened  in  the  direction  of  the  inclined  lateral  axis.  The 
terminal  platies  are  uniformly  rough  and  uneven,  so  much  so 
that  no  satisfactory  determination  of  their  symbols  can  be 
*made ;  they  often  form  an  edge,  as  the  continuation  of  the  front 
prismatic  edge  and  this  is  rounded  over  the  whole  top  of  the 
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crystal.  Some  of  the  crystals  are  twins  with  the  orthopiDaooid 
as  the  compositioD-face.  An  interesting  feature  of  the  crystab 
is  the  occurrence  of  depressions  in  the  prismatic  planes  /,  both 
the  natural  planes  and  those  due  to  cleavage.  These  figures 
are  shaped  something  like  a  sharp  wed^e;  they  are  inclined  at 
a  small  angle  to  the  front  prismatic  edge  and  in  an  inverted 
position  to  that  behind.  In  the  twin  crystals,  however,  tbej 
point  upward  both  in  the  front  and  behind,  in  consequence  of 
the  inverted  position  of  the  other  half  of  the  crystaL  Great 
numbers  of  these  figures  are  sometimes  seen,  occasionally  very 
minute  and  much  crowded  together.  The  prismatic  cleavage 
is  remarkably  perfect,  yielding  surfaces  of  the  highest  luste-r. 

The  hardness  across  the  crystal  is  equal  to  that  of  the 
emerald  and  on  the  prismatic  faces  from  6*5  to  7.  The  spe* 
cific  gravity,  as  taken  from  various  good  specimens,  varies  from 
8152  to  8189. 

Its  behavior  before  the  blowpipe  is  the  same  as  that  of  oUier 
forms  of  spodumene.  When  heated  to  redness  in  the  flame 
but  not  fused,  it  loses  its  color,  but  on  cooling  regains  it— t 
reaction  analogous  to  that  afforded  by  the  emerald.  I  have 
as  yet  in  vain  sought  for  the  cause  of  the  color.  I  have  em* 
ployed  all  the  necessary  care  in  examining  for  chromium,  bat 
have  found  no  indication  of  its  presence.  In  an  examination 
made  for  vanadium,  the  result  of  an  experiment  with  two  grama 
of  green  material  was  lost  This  behavior  in  the  flame- 
losing  its  color,  and  recovering  it  again  on  cooling — belongs  as 
well  to  chromium  as  to  vanadium. 

Composition, — A  careful  analysis  yielded  me  the  following 
results : 

Silica 64-35 

Alumina 28-10 

Ferric  oxide 0-25 

Lithia 7-05 

Soda. 0-50 

Loss  by  heat 0-15 

100-40 

The  specimen  analyzed  was  of  the  paler  variety.  There  is  a 
trace  of  potash  in  the  soda. 

The  crystals  when  cut  and  polished  resemble  the  emerald  in 
luster,  though  the  color  is  not  so  intense  as  in  the  finest  variety 
of  the  latter  gem.     There  is  reason  to  hope  that  further  explora- 
tions may  bring  to  light  crystals  of  a  size  and  beauty  that  will 
make  them   valuable   as   gems,  and  for  this   reason    T   have 
thought  it  proper  to  give  this  variety  of  spodumene  a  distinct 
name.     I  therefore  propose  the  name  of  Htddenite,  after  the 
indefatigable  mineral  explorer  who  has  directed  our  attention' 
to  it. 
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Art.  XVII. — Remarks  on  the  Genus  OboMa ;  by  S.  W.  Ford. 

The  genus  Obolella  was  founded  by  Mr.  Billings,  in  1861, 
upon  three  small  Linguloid  species,  namely  0.  chromatica  from 
tne  north  shore  of  the  Straits  of  Belle  Isle,  0.  crassa  from  Troy, 
N.  Y.,  and  0.  pobta  from  the  Potsdam  sandstone  of  Wisconsin, 
—O.  chromatica  being  selected  as  the  type.     Although  at  that 
time  the  structure  of  these  shells  was  very  imperfectly  known, 
enough  had  yet  been  seen,  as  Mr.  Billings  informs  us,  to  con- 
vince him  that  the  genus  was  a  new  one;  but  it  was  not  until 
ten   years  afterward  (Canadian  Naturalist,  December,  1871), 
that  the  number  of  muscular  impressions  characterizing  it  was 
correctly  given.     In  a  subsequent  paper,*  Mr.  Billings  contrib- 
uted still  further  to  our  knowledge  ot  the  genus  by  his  account 
of  the  structure  of  0.  chromatica^  and  I  hope,  in  the  present 
article,  to  offer  some  additional  facts  bearing  in  the  same  direc- 
tion, derived  mainly  from  the  study  of  another  species,  the  0. 
erassa.    The  principal  facts  with  regard  to  the  structure  of  this 
species  may  be  stated  as  follows : 

The  shell  of  Obolella  crassa  is  suborbicular,  with  the  beak  of 
either  valve  extending  slightly  beyond  the  peripheral  contour. 

Obolella  crassa  Hall,  sp. 


Pig.  1. — Diagram  of  the  interior  of  the  ventral  valve  of  0.  craaaoy  enlarged  two 
^^eters.  Fig.  2. — Diagram  of  the  interior  of  the  dorsal  valve,''en]arged  to  the 
>VDe  degree.  The  spedmeDS  are  from  the  original  locality  of  the  species,  Troy, 
TSl.Y. 

As  a  rule,  the  beak  of  the  dorsal  valve  is  curved  downward  so 
as  to  almost  touch  the  short,  indistinct  hinge-line,  while  that  of 
the  ventral  valve  is  less  depressed  and  slightly  more  projecting ; 
and  these  are  the  only  features  by  which  the  two  valves  may 
be  externally  distinguished.    The  majority  of  the  specimens 
of  the  ventral  valve  have  an  extremely  shallow  depression  run- 
ning from  the  beak  to  the  anterior  margin  along  the  median 
line ;  bat  I  have  found  that  even  this  is  not  distinctive,  inas- 
much as  some  of  the  dorsal  valves  exhibit  it     The  specimens 

*  This  Journal  for  March,  1876. 
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in  my  possession  vary  in  length  and  breadth  from  one  and  on^ 
half  to  six  lines,  the  two  diameters  being  generally  near!? 
equal.  The  surface  of  both  valves,  when  perfect,  is  both  radi- 
ately  and  concentrically  striated.  The  shell  is  thick  and  solid, 
showing  no  tendency  to  break  up  into  successive  laminae  on 
weatberinp.  I  have  had  portions  of  it  ground  and  polished  for 
microscopic  examination,  but  am  unable  to  make  out  any  defi-  i 
nite  structure. 

In  the  interior  of  the  ventral  valve,  there  are  two  small,  ^ 
ovate  muscular  scars,  situated  close  to  the  beak,  one  on  either  ^ 
side  of  the  pedicle  groove  g ;  and  immediately  in  advance  of 
these  a  pair  of  large,  elongate,  curved  scars,  which  sometimes 
extend  forward  into  the  anterior  fourth  of  shell.     Between 
these  latter,  and  somewhat  above  the  mid-length  of  the  valve^  j 
there  are  two  small  subcircular  impressions.     All   of  these  j 
scars  are,  in  well  preserved  specimens,  deeply  impressed,  and, 
taken  together,  constitute  a  conspicuous  ana  beautiful  svstem. 
There  is  usually  a  distinct  ridge  running  along  the  middle  of 
the  large  lateral  impressions,  dividing  them  at  bottom  into  two 
portions ;  and  in  some  cases  its  wiaer,  upper  portion,  is  mi- 
nutely pustulose.     The  rostral  portion  of  the  valve  is  often 
much  thickened,  the  several  scars   bounding  the  elevatioD. 
The  interior  surface  of  the  forward  portion  of  the  valve  ii 
marked  by  fine  radiating  striae. 

The  dorsal  valve  possesses  a  small  though  distinct  area, 
which  is  divided  into  two  equal  portions  by  a  feeble  longitu- 
dinal ridge.  The  slender  cardinal  line  is  delicately  notched  in 
the  middle,  and  has  immediately  in  advance  of  it  a  deep  trans* 
verse  groove  (fig.  2,  A).  On  either  side  of  the  longitudinal  ridge 
referred  to,  there  is  a  small,  ovate,  cardinal  muscular  scar.  These 
scars  have  their  apices  directed  downward  and  outward,  their 
upper  portions  cutting  across  the  extremities  of  and  limiting  the 
cardinal  line.  Directly  in  front  of  the  cardinals  there  are  two 
larger  impressions  of  similar  shape  and  direction,  the  laterals^ 
which  extend  forward  to  the  mid-length  of  the  shell.  These 
two  pairs  of  impressions  are  frequently  connected  with  each 
other,  by  the  cardinals  passing  down  into  the  laterals;  but,  as 
will  be  seen,  they  are  not  so  connected  in  the  specimen  figured, 
which  has  been  selected  in  order  to  illustrate  more  clearly  their 
essential  independence.  In  the  central  portion  of  the  valve 
there  is  a  pair  of  still  larger  impressions  (c  c),  having  their  up- 
per portions  parallel,  and  their  lower,  falcate  parts,  widely 
diverging.  Between  their  parallel  portions  there  is  a  low 
mesial  ridge,  which  dies  out  before  reaching  the  hinffe-line. 
The  falciform  portions  of  these  scars  are,  in  genersd,  very 
faintly  impressed^  and  might  readily  escape  observation.  The 
interior  surface  is  usually  smooth. 

li 
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'e  compare  the  iDterior  of  0.  crassa  with  that  of  0.  chro- 

,  illustrations  of  which  are  herewith  introduced  (figs.  8 

t,  we  shall  find  that,  while  there  are  some  notable  differ- 

the  plan  in  each  is  the  same.     The  principal  difierences 


3. 


6. 


—Plan  of  the  interior  of  the  ventral  valve  of  0.  chromaHca  as  made  out 
r.  Billings;  ¥ig.  4.— Ditto  of  the  dorsal.  Fig.  6.— Plan  of  the  mterior  of 
entral  valve  of  0,  gemma  Billings.  The  notation  is  the  same  for  all  of  the 
M :  oo,  cardinal,  cc^  central  and  dd^  lateral  impressions ;  g^  the  groove  in 
rea ;  t .  pit  in  which  the  g^roove  terminates. 

)  that  the  cardinals  of  the  ventral  valve  of  0.  crassa  have 
apices  directed  inward  instead  of  outward  as  in  0.  chro- 
I ;  (2)  that  the  central  scars  are  not  here  connected  with 
terals ;  and  (3)  that  the  central  impressions  of  the  dorsal 
of  this  species  have,  as  compared  with  the  corresponding 
!Ssions  of  the  dorsal  valve  oi  0.  chromatica^  an  extraordi- 
development.  The  upper  portions  of  these  scars  are,  in 
al,  all  that  can  be  readily  discerned ;  and,  were  it  not  for 
ct  that  the  central  pair  in  fig.  4  are  situated  so  far  forward, 
uld  be  disposed  to  consider  them  but  parts  of  larger  im- 
ions.  But  notwithstanding  this  objection,  it  is  possible 
better  preserved  specimens  will  show  them  to  have  pos- 
1  divancating  forward  extensions.  In  fig.  5,  we  have  a 
departing  still  more  widely  from  the  type,  but  the  plan 
ructure,  as  shown  by  Mr.  feillings,  is  fundamentally  the 

his  paper  on  the  structure  of  Oholella  chromatica  already 
•ed  to,  Mr.  Billings  includes  in  his  genus,  0.  chromatica^ 
jssa^  0, poliia^  0.  gemma  and  0.  nana;  at  the  same  time 
rking  that,  although  a  number  of  other  species  have  been 
ed  to  it,  they  are  all  more  or  less  doubtiul.  The  struct- 
ietails  of  0.  polita  and  0.  nana  have  not  yet  been  worked 
IS  completely  as  could  be  desired,  but  it  is  evident  that 
lave  here  a  natural  group,  and  one  remarkable  for  its 
ness  of  definition.  It  is,  further,  tolerably  evident  that 
forms  as  0,  desiderata  Billings,  from  the  Quebec  group 
Ginada,  and  0,  sagittalis  Salter,  from  the  Menevian  group 
^ales  do  not  belong  to  it ;  neither  of  them  possessing,  so 
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far  as  known,  the  characteristic  muscular  markings  of  Oholdta^ 
aud  0,  sagittalis  lacking,  in  addition  (as  shown  by  the  figures  of 
both  Mr.  Davidson*  and  G.  Linnarssonf),  not  only  an  area  bat 
a  pedicle  groove.  These  differences,  to  mv  mind,  render  it 
highly  probable  that  0.  sagittalis  will  yet  be  found  to  constitute 
a  new  genus  ;  and  if  the  ventral  valve  should  ultimately  prove 
to  possess  an  area,  then  the  small  Brachiopod  descnbed  by 
Barrande  and  Verneuil  from  the  Spanish  rrimordiatf  may 
possibly  represent  it  Unlike  Obolella,  the  apex  of  the  ventnu 
valve  in  both  of  these  species,  is  occasionally  minutely  per- 
forated. The  interior  of  the  Spanish  species  is  unknown,  out 
its  external  aspect,  apart  from  the  perforation  mention^,  is 
closely  like  that  of  an  Obolella, 

At  present  the  genus  Obolella  appears  to  be  restricted  to  the 
American  Primordial,  and  to  that  portion  of  it  which  is  re- 
garded as  higher  in  position  than  the  Paradoxides  beds.  This 
horizon  presents,  under  its  life  aspects,  a  number  of  features  of 
unusual  interest,  some  of  which  I  purpose,  hereafter,  to  make 
the  subject  of  critical  review. 

I  have  presented  the  foregoing  observations  at  this  time, 
partly  for  the  purpose  of  directing  the  attention  of  paleontolo- 
gical  workers  still  more  strongly  to  the  interesting  genus 
under  notice ;  and  partly  in  the  nope  that  they  may  possibly 
contribute  something  looking  toward  a  better  understanding 
of  the  foreign  species  spoken  of,  both  of  which  occur  low  down 
in  the  Primordial  Zone. 

December  10th,  1880. 


Art.  XVIII. — The  Millstone  Chit  in  England  and  Pennsylvania; 

by  H.  Martyn  Change. 

A  LATELY  published  report  on  the  "  Geology  of  the  York- 
shire Coalfield,"  by  Professor  A.  H.  Green  and  his  associates, 
contains  a  description  of  the  Millstone  Grit  which  is  of  more 
than  passing  interest  to  those  familiar  with  this  formation  in 
Pennsylvania  and  Ohio. 

A  survey  of  the  Conglomerate,  No.  XII  (Millstone  crit), 
made  in  1876  along  the  Beaver  and  Shenango  valleys,  led  me 
to  conclude  that  that  rock  in  Western  Pennsylvania  is  a  com- 
posite series  of  sandstones  and  conglomerates  separated  by 
shales  and  slates  with  interbedded  coals,  limestones,  iron  ores 
and  fire  clays,  with  a  total  thickness  of  250-325  feet  (Report  V, 

*  Monograph  of  British  Silurian  Brachiopoda,  p.  339,  pi.  50,  figs.  1-14,  (IStl). 

f  On  the  Brachiopoda  of  the  Paradoxides  beds  of  Sweden,  p.  19,  pL  iii,  figs.  36- 
41,  (1876).  Idem,  "Cm  Faunan  i  kalken  med  Conoooryphe  Exsulans,'*  p.  27,  pi. 
iii  figs.  45-49,  (1879). 

X  Bull.  Soc  GeoL  Fr.,  vol.  xviii,  p.  536,  pL  VUI,  figs.  6a-e. 
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Qeol.  Survey  of  Pa,,  1879).  The  same  conclusion  was  simul- 
taneouslj  reached  by  Mr.  Carll  in  the  oil  regions  (Beports  I 
and  ill)  and  afterwards  by  Professor  White  in  his  reports  on 
tbe  Ohio  line  cod n ties  (Q,  QQ,  QQQ);  and  it  now  appears  t.hat 
Professor  Green  and  his  colleagues  were  at  the  same  time 
working  out  a  strikingly  similar  structure  in  this  rock  in  the 
Yorkshire  district  The  nomenclature  first  adopted  by  these 
seologists  is  compared  in  the  following  table  with  that  adopted 
by  Professor  White  and  myself : 

TORKSHIBB.  PeNNSTLYAXIA. 

**  Rough  Rock."  HomBwood  Sandstone. 

Shales  (sporadic  coals).  Mercer  coal  group. 

**  Second  G-rit"  Connoquenessing  Upper  Sandstone. 

Shales  (coal).  Quakertown  coal. 

"  Third  Grit."  Connoquenessing  Lower  Sandstone. 

Shales  (coal).  Sharon  coal. 

*'  Kinder  Scout  Grit."  Sharon  (or  '*  Ohio")  Conglomerate. 

Over  large  areas  this  nomenclature  is  easily  and  naturally 
applicable  to  all  vertical  sections  in  both  Yorksnire  and  West- 
em  Pennsylvania,  but  at  some  localities  the  English  "Second" 
and  "Third"  grits  and  the  Connoquenessing  sandstones  are 
represented  by  one  or  by  several  (tour  or  five)  rocks,  and  it 
was  therefore  found  necessary  to  generalize  the  Yorkshire 
aeheme  by  including  these  in  one  subdivision  under  the  name 
"Middle  Grits,"  thus:  (Geol.  of  Yorkshire,  p.  82). 

X  C"KouoH  Rook  ob  Topmost  Grit. 

O  Shales. 

%  \  Middle  Grits. — A  g^up  of  sandstones  and  shales,  variable  in  number, 


\ 


thickness  and  character. 

SHJLLE& 

Kinder  Soout  or  Lowest  Grits." 


In  Western  Pennsylvania  a  precisely  similar  generalization 
has  been  resorted  to  (Keport  V,  pp.  188  and  228),  thus : 


1^ 

S      ■ 

.2  o 
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'  Komewood  Sandstone. 

Merger  Group,— coals,  etc. 
CoNNOQiTENESSiNO  GROUP, — sandstones. 

Sharon  Group. 
**  Ohio"  or  Sharon  Conglomerate. 


The  Homewood  Sandstone  is  a  hard,  massive  conglomeritic 
lock ;  the  Bough  Bock  is  also  of  this  type  and  is  used  as  a 
key-rock  just  as  the  former  has  been  used  in  Pennsylvania. 
The  Kindfer  Scout  Grit  is  hard,  massive,  coarse  and  often  con- 
glomeritic, and  is  also  used  as  a  key-rock ;  while  in  Pennsyl- 
vania the  Sharon  Conglomerate  (or  Olean,  Garland  or  Mead- 
rille  rock)  has  likewise  been  a  most  valuable  guide.  It  is 
Usually  hard  and  massive  and  often  a  true  conglomerate. 
When  capping  the  hilltops  it  forms  prominent  **  rock  cities.'^ 

Ax.  Jour.  Sci.— Third  Series,  Vol.  XXI,  No.  122.— Feb.,  1881. 
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t 

SCIENTIFIC    INTELLIGENCE. 
I.  Chbmistry  and  Physics.* 

1.  On  an  Improved  Process  for  pr^fyaring  Potassium  Iodide 
from  Seaweed, — Allary  and  irBLLiBux  have  devised  an  im- 
proved process  for  extracting  potassium  iodide  from  the  ashes  of 
seaweed.  The  mother  liquors,  obtained  in  the  preparation  'of 
potassium  chloride  and  sulphate  from  these  ashes,  are  evaporated 
to  dryness  in  a  special  air  furnace  and  then  carefully  roast^  in  % 
current  of  air,  to  complete  desulphurization.  The  residue  is  ex- 
tracted with  cold  water  and  the  solution  is  again  evaporated  to 
dryness.  A  white  saline  residue  is  obtained  containing  50  per  j 
cent  of  iodides.  This  is  pulverized,  introduced  into  a  digester 
and  treated  with  hot  alconol  whereby  the  iodides  are  extracted 
and  accumulate  in  the  aqueous  lower  layers.  The  alcohol  is  tbeo 
distilled  off  and  the  solution  obtained  contains  a  mixture  of  two- 
thirds  sodium  and  one-third  potassium  iodide.  To  this  is  added 
the  necessary  quantity  of  potassium  carbonate,  in  saturated  solu- 
tion, and  a  current  of  carbon  dioxide  gas  is  passed  through  tbe 
whole.  Hydro-sodium  carbonate  crystallizes  out  and  potassium 
iodide  remains  in  solution.  Afler  exact  neutralization  of  the 
small  remaining  quantity  of  the  carbonate  by  hydrochloric  acid, 
the  potassium  iodide  is  crystallized  out  For  special  purposes,  it 
is  extracted  by  alcohol  and  recrystallized. — hulL  Soc.  Ch,^  D, 
xxxiv,  627,  Dec,  1880.  G.  P.  b. 

2.  On  the  Volumes  of  certain  Elements  cU  their  Boiling  PoifUt 
— Ramsat  has  determined  the  volumes  of  sodium  and  bromine 
at  the  boiling  point,  and  in  connection  with  Masson,  of  phos- 
phorus also.  The  method  used  for  bromine  and  phosphorus  was 
that  previously  employed  for  sulphur.*  A  glass  bulb  of  known 
capacity  was  nlled  with  the  liquid  substance  and  placed  in  a  ves- 
sel in  which  more  of  this  substance  was  boiled.  After  allowing 
time  for  the  temperature  of  the  bulb  and  vapor  to  become  uni- 
form, the  bulb  was  withdrawn  and  allowed  to  cooL  The  weight 
of  substance  that  it  contained  was  evidently  that  required  to  fiU 
the  bulb  at  the  boiling  point ;  i.  e.  to  occupy  a  known  volame. 
Hence  the  ebullition-volume  could  be  easily  calculated.  Four 
determinations  made  in  this  manner  gave  for  the  specific  weight 
of  bromine  2*9603,  2*9474,  2-9483  and  2-9471 ;  for  its  specific  vol- 
ume 0  8390,  0*3393,  0*3392  and  0*3393  ;  and  for  its  atomic  volume 
2712,  2714,  27*13  and  27*15.  Or  as  a  mean,  sp.  wt.  2*9488,  sp. 
vol.  0*3392,  and  at.  vol.  27*135.  The  phosphorus  was  fiised  in  ft 
wide  tube  in  a  curi*ent  of  CO,,  and  the  bulb  filled  by  suction. 
The  phosphorus  was  boiled  on  a  sand  bath,  the  bulb  remaining  in 
the  vapor  until  liquid  phosphorus  ceased  to  issue  frdm  it.  It 
was  then  withdrawn  and  weighed.  The  mean  results  were :  ^p. 
wt.  1*4850 ;  sp.  vol.  0*6734 ;  and  atomic  volume  20*91  with  a  proD*- 

♦  J.  iliem.  Soo..  xxxv,  463,  July.  1879. 
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of  iO'SOSY.  For  sodium,  the  apparatus  was  made  of 
>ugh  essentially  similar  in  form.  After  the  bulb  was 
th  liquid  sodium  it  was  hung  in  an  iron  pot  containing 
3  of  this  metal,  a  tight  cover  having  a  small  opening  was 

on  and  the  whole  was  heated  on  a  charcoal  fire.  After 
for  ten  minutes,  the  cover  was  removed  and    the  bulb 

into  parafSn  oil.  After  cooling  it  was  cleaned  and 
.  The  sp.  wt.  thus  obtained  was  0*7414 ;  sp.  vol.  1*8490^ 
31*0.     Ramsay  calls  attention  to  the  fact  that  bromine 

the  halogens  probably  have  but  one  atomic  volume, 
rhen  free  or  in  combination.  (For  free  bromine  this  is 
md  for  combined  bromine  28*1.)  Sulphur,  like  oxygen, 
atomic  volumes  in  combination,  22*6  and  28*6,  its  atomic 
when  free  being  21*6.  As  to  phosphorus,  since  nitrogen 
e  atomic  volumes,  one  in  amines,  one  in  cyanides  and  ni- 
d  one  in  the  nitryl  group,  it  is  probable  that  this  element 
3  than  one  when  in  combination.  Hitherto  its  atomic  vol- 
combination  has  been  ffiven  as  25*3;  free  as  above  given 
9.  If  the  oxy-  or  sulpno-chloride  be  written  with  quin- 
t  phosphorus  I*X€J1,  or  X=PC1,  in  which  X  represents  a 
or  an  oxygen  atom,  these  atoms  are  saturating  and  the 
volume  of  the  phosphorus  in  these  compounds  calculated 
supposition  is  20*7.  This  value  agrees  with  that  of  free 
ms.  Hence  in  combination  phospnorus  has  an  at.  vol.  of 
2n  a  pentad  and  of  26*3  when  a  triad. — Ber.  JBerL  Chem. 
ii,  2145,  2146,  2147,  Dec.  1880.  G.  F.  B. 

i  Vanadium  Sulphides. — Kay,  under  Roscoe's  direction, 
mined  the  compounds  formed  by  vanadium  and  sulphur, 
irly  those  which  were  described  by  Berzelius  in  1831. 
3  that  three  sulphides  exist,  having  the  formulas  respec- 
f  V^S„  V^S,  ana  V,S  .  Vanadium  disulphide  is  formed 
ng  perfectly  pure  and  dry  hydrogen  over  the  trisulphide 
to  intense  redness.  Vanadium  trisulphide  is  formed  (1) 
ng  H,S  over  the  trioxide  at  a  red  heat ;  (2)  by  the  action 
on  any  chloride  or  oxy  chloride  of  vanadium  heated  to 
;  (3)  by  acting  on  the  pentoxide  by  CS,  vapor  at  high 
tures ;  the  latter  being  the  most  convenient.  Vanadium 
Iphide  is  formed  by  heating  the  trisulphide  to  about  400® 
e-third  its  weight  of  sulphur  in  a  long  narrow  tube.  The 
finds  that  Berzelius^s  products  obtained  by  precipitation 
:ycompounds  but  not  of  definite  composition ;  but  that 
hide  prepared  by  him  in  the  dry  way  was  the  true  trisul- 
-J.  Ch,  fSoc.y  XXX vii,  728,  Dec.  1880.  G.  p.  r 

I  the  Hydrocarbons  of  American  Petroleum, — Beilstein 
RBATOW,  in  their  research  upon  the  petroleum  of  the  Cau- 

regarded  the  facility  with  which  this  petroleum  was 
1   by  nitric  acid  as  a  proof  of  the  absence  of  the  hydro- 

C,H,^^  To  test  this  conclusion  further,  and  to  ascer- 
ictly  the  resistance  to  the  action  of  nitric  acid  offered  by 

♦This  Journal,  III,  xxi,  67,  Jan.,  1881. 
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this  series,  a  portion  of  heptane,  distilling  at  95^-100^  and  of  sp. 
gr.  0*7102  at  15*5°,  was  prepared  from  American  ligroin.  It  ga?e 
on  analysis  C  84*3,  H  16*4 ;  C^,,  requiring  C  84,  H  16  per  cent. 
One  part  of  this  heptane  was  heated  with  four  parts  of  nitric 
acid  (sp.  gr.  1*38)  so  long  as  red  fumes  were  evolved.  From  the 
oily  layer  above  the  acid,  unattacked  heptane  was  isolated,  boil- 
ing at  98-5°-99*5^  of  sp.  gr.  06967  at  19°,  and  ;^ielding  on  analy- 
sis C  84 '2,  H  15*9.  Further  action  of  the  nitric  acid  upon  this 
body  was  scarcely  detectable.  These  results  showed  that  beside 
the  series  C.Hs^,  American  lieroiu  contained  hydrocarbons 
poorer  in  hydrogen,  which  the  nitric  acid  removed  leaving  the 
neptane  pure.  The  suggestion  that  these  hydrocarbons  were  the 
addition-products  of  the  benzene  series,  as  in  the  Caucasian  petro- 
leum, lea  to  an  examination  ;  and  from  some  ligroin  of  boiling 
point  115^-120°  a  small  quantity  of  trinitroisoxylene  was  o^ 
tained  by  the  action  of  nitrosulphnric  acid ;  thus  proving  the 
presence  of  these  bodies.  In  purifying  a  considerable  quantity  of 
crude  American  heptane  by  the  nitric  acid  method,  there  was  ob- 
tained on  subsequent  fractioning  a  product  of  much  higher  boil- 
ing point  which  proved  to  contain  nitrogen.  It  boiled  at  195^- 
2u0°  (atler  treatment  with  stannous  chloride  193^-197°)  and  had 
a  gravity  of  0*9369  at  19^  On  analysis  it  gave  the  formula 
C,H,jNO,.  Hence  the  nitro-product  of  the  American  petroleum 
belongs  to  the  marsh  gas  series,  while  that  of  Caucasian  is  de- 
rived from  the  ethylene  series  C,H,jNO,. — Ber,  Berk  Chem,  Oes,^ 
xiii,  2028,  Nov.  1880.  G.  F.  a 

5.  On  Inulin. — Kiliani  has  published  a  research  upon  inulio 
as  an  inaugural  dissertation  at  Munich.  The  following  are  the 
conclusions  of  his  paper:  Inulin  stands  in  the  most  intimate 
chemical  relation  to  levulose.  It  appears  to  be  the  anhydride  of 
this  bodv  and  passes  into  it  with  such  facility,  that  in  all  reac- 
tions which  require  a  long  warming  with  water  or  need  the  pro- 
ence  of  dilute  acids,  the  inulin  is  replaced  by  levulose.  By 
nearly  all  reactions  therefore  these  bodies  yield  the  same  prodacts. 
Inulin  is  distinguished  sharplv  from  levulose,  in  consequence  of  a 
property  possessed  by  the  latter  in  common  with  the  simple 
sugars,  of  reducing  the  copper  test  and  of  fermenting  under  the 
action  of  yeast.  Inulin  neither  reduces  Fehling's  test  nor  unde^ 
goes  fei*mentation.  Moreover  it  does  not  form  hydrogen  addition 
products.  Its  hydrate,  levulose,  differs  from  dextrose  in  its  oii* 
dation-products ;  the  latter  affording  when  oxidized  with  nitrio 
acid  or  bromine  and  water,  compounds  which  contain  six  carbon- 
atoms,  saccharic  (perhaps  gluconic)  acid  ;  while  levulose  similarly 
treated  affords  bodies  with  a  less  content  of  carbon ;  glycolic  and 
oxalic  acids.  This  the  author  explains  by  supposing  dextrose  to 
be  the  aldehyde  of  mannite  and  levulose  its  ketone.  Oxidation 
of  both  dextrose  and  levulose  with  silver  oxide  gives  glycolic 
acid  ;  but  gluconic  acid  is  probably  first  formed  and  then  oxi- 
dized to  glycolic  and  carbonic  acids. — lAebig*8  Anru^  ccv,  145, 
Nov.   1880.  G.  F.  B. 
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6.  On  Sacefiarin  and  Saccharinic  Acid, — Schbibleb  has  ex- 
imined  carefully  the  new  glucose  derivative  discovered  by 
Peligot  and  called  saccharin,  to  which  he  assigned  the  formula 
D  I^Ojj.  For  its  preparation  dextrose  or  levulose  or  a  mixture 
n  both  may  be  used.  The  best  material  is  the  solid  starch- 
mgar  of  commerce.  A  kilogram  was  dissolved  in  7  or  8  liters  of 
rater,  the  solution  heated  to  boiling  and  freshly  prepared  and 
itill  warm  slacked  lime  added  in  large  excess.  The  boiling 
is  continued  so  long  as  lime  salts  separate.  It  is  then  cooled, 
the  liquid  drawn  on  with  a  siphon,  freed  from  excess  of  lime  by 
carbon  dioxide  gas,  and  from  combined  lime  by  addition  of 
in  equivalent  quantity  of  oxalic  acid.  The  filtrate  from  this  is 
evaporated  to  a  thick  syrup  and  allowed  to  crystallize.  This  may 
take  days,  and  is  hastened  by  adding  a  crystal  from  a  previous 
operation.  It  is  freed  from  the  adhering  mother  liquor  and  re- 
Qrystallixed.  Its  properties  confirmed  those  given  by  Peligot ; 
bat  its  analysis  gave  numbers  leading  to  the  formula  C  H  O^ ; 
carbon  44*26,  H  6*3*2.  The  author  shows  that  when  saccharin  is 
boiled  with  freshly  precipitated  calcium  carbonate  the  latter  is 
dissolved  with  evolution  of  CO,,  and  calcium  saccharinate  is 
formed.  If,  however,  the  calcium  be  separated  by  oxalic  acid, 
saccharinic  acid  itself  is  not  obtained  but  splits  at  once  into 
saccharin  and  water.  To  this  body  saccharin,  tnerefore,  Scheibler 
assigns  the  structural  formula 

CH.(OH)-CH(OH)— CH(OH)-CH-CH.-CO 

The  saccharinates  are  remarkably  soluble  in  water  and  are  uncrys- 
tallizable,  except  those  of  potassium  and  ammonium.  Optically, 
saccharin  is  dextrorotatory,  [a]D:=+93*8.  But  the  saccharinates 
are  laevorotatory,  the  calcium  salt  giving  [a]i>^  — 6*7  and  the 
sodium  salt  J[a]D=— 17*2.  Further  researches  are  in  progress. — 
Ber,  BerL  dliem.  6es,,  xiii,  2212,  Dec.  1880.  g.  f.  b. 

7.  On  the  Synthesis  of  Tropic  Acid, — Ladenbubg  and  RtiG- 
HBiMSB  have  succeeded  in  effecting  the  synthesis  of  tropic  acid. 
By  the  action  of  phosphoric  chloride  upon  acetophenone,  dichlor- 
ethylbenzene  was  prepared  by  the  reaction : 

C,H,C0CH,+PC1.=C.H,CC1,CH,+P0C1,. 

20  grams  of  this  was  put  into  a  solution  of  16  grams  KCy  in 
160  grams  50  pr.  ct  alcohol  and  allowed  to  stand  48  hours. 
After  heating,  neutralizing  with  barium  hydrate  and  filtering,  the 
solution  was  acidulated,  filtered  and  agitated  with  ether.  This 
left  on  evaporation  ethyl-atro-lactic  acid,  which  treated  with 
hydrochloric  acid  gave  atropic  acid,  readily  converted  into  tropic 
acid. — Ber,  Berl,  Chem.  Qes.,  xiii,  2041,  Nov.  1880.         g.  f.  b, 

8.  Experimental  Researches  upon  th^  magnetic  rotatory  Polar- 
ization of  Gases, — M.  Henbi  Becquerel  carefully  describes  his 
apparatus  and  the  means  taken  to  eliminate  all  causes  of  error  in 
his  difiScult  determinations.  A  copper  tube  0-122'°  in  diameter 
and  3'27°*  in  length  enclosed  the  gases  and  this  was  made  the 
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core  of  ai)  electro-magnet.  By  means  of  mirrors  at  each  end  of 
the  tube  a  ray  from  a  lime  light  was  made  to  traverse  many  times 
by  successive  reflections  the  column  of  air  or  gas.  The  principal 
causes  of  error  arising  from  the  heating  of  the  gas  by  the  strong 
current  traversing  the  electro-magnet  and  from  the  polarization 
of  the  glass  plates  at  the  ends  of  the  tube  were  carefully  eliminated. 
The  author  concludes  that  the  magnetic  rotatory  powers  of  bodies 
are  intimately  connected  with  their  indices  of  refraction  n,  and 
the  variations  of  the  function  n'(n'— 1)  are  of  the  same  order  of 
magnitude  as  those  of  the  magnetic  rotations  of  the  same  bodies 
in  the  solid,  liquid  or  gaseous  states.  The  following  conclusions 
are  drawn  from  the  investigation. 

(1)  Bodies  in  the  gaseous  state,  as  well  as  solid  substances  and 
liauids,  have  the  property  of  deviating  the  plane  of  polarization 
when  submitted  to  magnetic  influence. 

(2)  The  magnetic  rotations  of  the  plane  of  polarization  of  rays 
of  diflerent  wave  lengths  traversing  the  same  gas  (oxvgen  ex- 
cepted) are  generally  inversely  as  the  squares  of  the  length  of 
wave  of  the  luminous  rays  which  are  considered. 

(3)  The  magnetic  rotatory  power  of  gases  can  be  compared  to 
that  of  liquid  sulphide  of  carbon,  and  consequently  to  those  of 
other  solid  and  liquid  bodies.  A  remarkable  relation  appears  to 
exist  between  the  magnetic  rotatory  power  of  gases  and  their 
indices  of  refraction. 

(4)  Oxygen  presents  an  anomaly  which  is  apparently  connected 
with  the  exceptional  magnetic  properties  of  tnis  gas. — Annaki 
de  Chimie  et  de  Physique^  Nov.,  1880,  p.  289.  j.  t. 

0.  The  influence  of  Gases  and  Steam  upon  the  Optical  proper- 
ties of  reflecting  surfaces. — It  is  well  known  that  gases  and  steam 
can  alter  the  physical  condition  of  the  surfaces  of  solid  bodies 
even  if  tbey  do  not  act  chemically  upon  these  surfaces.  Herr 
Glan  after  careful  experiments  decides  that  if  the  gases  do  not 
act  chemically  upon  the  substances  of  the  reflecting  surfaces  and 
are  not  condensed  in  a  quantity  apparent  to  the  eye,  no  change 
of  phase  takes  place  in  reflection. — Ann,  der  Physik  und  Chemie^ 
Nov.  11,  1880.  J.  T. 

10,  A  Physical  Treatise  on  Electricity  ar^  Magnetism;  by  J. 
E.  H.  Gordon,  B.  A.,  Cambridge.    8vo.   (L).  Appleton  &  Co.,  N.  Y.) 
— The  treatise  of  Mr.  Gordon  is  beautifully  illustrated  with  cuts  of 
Sir  William  Thomson's  Electrometers  which  the  student  will  not 
find  elsewhere.     There  are  also  many  engravings  of  other  electri- 
cal apparatus  which  one  is  tempted  to  criticize  as  too  elaborate; 
a  diagram  would  have  answered  in  many  cases  better  than  the 
finely  finished  perspective  views,  and  there  would  have  been  more 
room  for  solid  information.     A  full  page,  for  instance,  is  given  to 
an  illustration  of  Mr,  Spottiswode's  gigantic  induction  coil,  which 
cut  it  seems  to  us  is  chiefly  useful  in  showing  the  assistant  in  the 
act  of  discharging  the  coil.     This  method  of  illustrating  treatises 
on  science  is  too  much  in  the  manner  of  the  instrument  makers^ 
catalogues. 
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The  chapter  on  induotive  capacity  is  ver^  ample  and  the  student 
rill  be  repaid  by  its  pemsaL  The  treatise  also  contains  a  full 
oooant  or  the  late  experiments  of  de  la  Rue,  and  of  Crookes  on 
lectrical  discharges  m  rarefied  gases,  also  of  the  experiments  of 
h,  Kerr  and  others  on  the  magnetic  polarization  of  light.  The 
Qtbor  evidently  desired  to  do  for  the  physical  side  of  electricity 
nd  magnetism  what  Maxwell  has  done  for  the  mathematical 
ide  of  the  science.  The  careful  reader  of  Maxwell's  treatise, 
?eD  if  he  is  not  a  mathematician,  will  gain  a  very  good  knowi- 
dge  of  the  physical  side  of  the  subject  Still  there  are  those 
rho  are  deterred  from  reading  Maxwell  on  account  of  the  formid- 
ble  array  of  mathematical  formulas,  and  to  such  readers  the 
reatise  of  Mr.  Gk)rdon  cannot  fail  to  be  very  acceptable,     j.  t. 

11.  On  the  Sp(Mce  protected  by  a  Lightning- Conductor  /^  by 
^nxiAiff  Hbkby  Prbbcb.* — Any  portion  of  non-conducting  space 
listurbed  by  electricity  is  called  an  electric  field.  At  every  point 
>f  this  field,  if  a  small  electrified  body  were  placed  there,  there 
rould  be  a  certain  resultant  force  experiencea  by  it  dependent 
ipon  the  distribution  of  electricity  producing  the  field.  When 
we  know  the  strength  and  direction  of  this  resultant  force,  we 
mow  all  the  properties*  of  the  field,  and  we  can  express  them 
mmerically  or  delineate  them  graphically.  Faraday  (Exp.  Res., 
}3122  et  seq.)  showed  how  the  distribution  of  the  forces  in  any 
electric  field  can  be  graphically  depicted  by  drawing  lines  (which 
be  called  lines  of  force)  whose  direction  at  every  point  coincides 
with  the  direction  of  the  resultant  force  at  that  point ;  and  Clerk- 
Maxwell  (Camb.  PhiL  Trans.,  1867)  showed  how  the  magnitude 
of  the  forces  can  be  indicated  by  the  way  in  which  the  lines  of 
force  are  drawn.  The  magnitude  of  the  resultant  force  at  any 
point  of  the  field  is  a  function  of  the  potential  at  that  point ;  and 
this  potential  is  measured  by  the  work  done  in  proaucing  the 
Seld.  The  potential  at  any  point  is,  in  fact,  measured  by  the 
rork  done  in  moving  a  unit  of  electricity  from  the  point  to  an 
nfinite  distance.  Indeed  the  resultant  force  at  any  point  is 
lirectly  proportional  to  the  rate  of  fall  of  potential  per  unit  length 
ilong  the  line  of  force  passing  through  that  point.  If  there  be  no 
all  of  potential  there  can  be  no  resultant  force ;  hence  if  we  take 
my  surface  in  the  field  such  that  the  potential  is  the  same  at 
ivery  point  of  the  surface,  we  have  what  is  called  an  equipotential 
wfcuie.  The  difference  of  potential  between  any  two  points  is 
ailed  an  electromotive  force.  The  lines  of  force  are  necessarily 
perpendicular  to  the  surface.  When  the  lines  of  force  and  the 
qoipotential  surfaces  are  straight,  parallel,  and  equi-distant,  we 
ave  a  uniform  field.  The  intensity  of  the  field  is  shown  by  the 
amber  of  lines  passing  through  unit  area,  and  the  rate  of  varia- 
on  of  potential  by  the  number  of  equipotential  surfaces  cutting 
nit  length  of  each  line  of  force.  Hence  the  distances  separating 
le  equipotential  surfaces  are  a  measure  of  the  electromotive  force 

*  From  the  PbiloBophical  MagaziDe  for  December,  1880, 
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present.     Thas  &a  electric  field  can  be  mapped  or  plotted  < 
that  its  properties  can  be  indicated  graphically. 

The  air  Id  an  electric  field  is  in  a  state  of  tension  or  straii 
this  strain  increases  along  the  lines  of  force  vith  the  eleci 
tire  force  producing  it  nntil  a  limit  is  reached,  when  a  r 

3>lit  occurs  in  the  air  aloug  the  line  of  least  resistance — wt 
ieniptive  discharge,  or  lightning. 

Since  the  resistance  which  the  air  or  any  other  dieleot 
poses  to  this  breaking  strain  is  thus  limited,  there  mniit  be 
tain  rate  of  fall  of  potential  per  nnit  length  vhich  oorrespo 
this  resistance.  It  follows,  tnerefore,  that  the  number  of  e 
tential  surfaces  per  unit  length  can  represent  this  limit,  or 
the  stress  which  leads  to  aiBruptive  discharge.  Uenoe  v 
represent  this  limit  by  a  length.  We  can  produce  disrupti 
charge  either  by  approaching  the  electrified  surfaces  proi 
the  electric  field  near  to  each  other,  or  bf  increasing  the  qu 
of  electricity  present  upon  them ;  for  in  each  case  we  i 
iuorease  the  electromotive  force  and  close  up,  as  it  wer 
equipotential  surfaces  beyond  the  limit  of  resistance.  Of 
this  limit  of  resistance  varies  with  every  dielectric ;  but 
now  dealing  only  with  air  at  ordinary  pressures.  It  appear 
the  experiments  of  Drs.  Warren  De  La  Rue  and  Hugo  '. 
that  the  electromotive  force  determining  disruptive  discha 
«r  is  about  40,000  volts  per  centimeter,  except  for  ver 
layers  of  air. 

If  we  take  into  consideration  a  flat  portion  of  the  earth 
face,  A  B  (fig.  1),  and  assume  a  highly  charged  thunder 
C  D,  floating  at  some  finite  distance  above  it,  they  would,  to 


with  the  air,  form  an  electrified  system.  There  would  be  a 
trie  field ;  and  if  we  take  a  small  portion  of  this  system,  it 
be  nniform.  The  lines  ah,a'b'  .  .  .  would  be  lines  of  forct 
cd,  c'  d',a'  <r  .  .  .  would  be  equipotential  planes. 

If  the  cloud  gradually  approached  the  earth's  surface  ( 
the  field  would  become  more  intense,  the  equipotential  s< 
would  gradually  close  up,  the  tenaioa  of  the  atr  would  it 
until  at  last  thelimitof  reeistanoe  of  the  air  e^  would  be  re 
disruptive  discharge  would  take  plaoe,  with  its  attendant  t' 
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ud  lightning.  We  can  let  the  line  «f  represent  the  limit  of 
resistance  of  the  sir  if  the  field  be  drawn  to  scale ;  and  we  can 
thoB  trace  (be  conditions  tbat  determine  duniptive  dischai^. 


If  the  earth<8arfaoe  be  not  flat  bnt  have  a  hill  or  a  building,  a« 
B  or  L,  npon  it,  then  the  lines  of  force  and  the  equipotential 

E lanes  will  be  distorted,  as  shown  io  fig-  8,  If  ihe  hill  or  building 
e  BO  high  as  to  make  the  distance  H  A  or  L  f  equal  to  tf  (fig.  3), 
then  we  shall  again  have  disruptive  discharge. 

If  instead  of  a  hill  or  building  we  erect  a  solid  rod  of  metal,  G  H, 
then  the  field  will  be  distorted  as  shown  in  fig.  4.  Now  it  is 
qmte  evident  that  whatever  be  the  relative  distance  of  the  clond 


ind  earth,  or  whatever  be  the  motion  of  the  cloud,  there  must  be 
■  space  g  g'  along  which  the  lines  of  force  must  be  longer  than 
a' a  or  H  H';  and  hence  there  must  be  a  circle  described  around 
G  SB  a  center  which  is  less  subject  to  disruptive  discharge  than 
tiie  space  outside  the  cin-le ;  and  hence  this  area  may  be  said  to 
be  protected  bv  the  rod  G  H.  The  same  reasoning  applies  to 
each  equipotential  plane;  and  as  each  circle  diminishes  in  radius 
■■  we  ascend,  it  follows  that  the  rod  virtually  protectti  a  cone  of 
space  whose  height  is  the  rod,  and  whose  base  is  the  circle 
described  by  the  radius  G  a.  It  is  important  to  find  out  what 
this  radius  is. 

Let  ns  assume  that  a  thunder-cloud  is  approaching  the  rod  A  B 
^g.  5)  from  above,  and  that  it  has  reached  a  point  D'  where  the 
maUooe  D'  B  is  eqnal  to  the  perpendicular  height  D'  C".  It  is 
endent  that,  if  the  potential  at  U  be  increased  until  the  striking- 
e  be  altained,  the  line  of  discharge  will  be  along  B'  C  or 
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D'  B,  and  that  the  length  A  C  ib  under  protection.      Now  the 
nearer  the  point  D'  is  to  D  the  shorter  will  be  the  length  A  C  under 

_^    protection  ;     but   the 
minimum   length  will 
be  A  C,  since  uie  cloud 
would   never   descend 
lower  than  the  perpen- 
dicular distance  DC. 
Supposing,  however, 
that  tne  cloud  had  ac- 
tually descended  to  D 
when     the     discbam 
took  place.     ThentSe 
latter  would  strike  to 
the  nearest  point;  and 
any  point  within  the 
circumference   of  the 
portion   of  the  oirele 
B  C  (whose  radius  ig 
D  B)   would  be  at  i 
less  distance  from  D  than  either  the  point  B  or  the  point  G. 

Hence  a  lightning-rod  protects  a  conic  space  whose  height  is 
the  length  of  the  rod^  whose  b<ise  is  a  circle  having  its  radius  e^^ 
to  the  height  of  the  rod,  and  whose  side  is  the  quadrant  of  a  eirde 
whose  radhis  is  eqticU  to  the  height  of  the  rod 

I  have  carefully  examined  every  record  of  accident  that  was 
available,  and  I  have  not  yet  found  one  case  where  damage  was 
inflicted  inside  this  cone  when  the  building  was  properly  protected. 
Thert*  are  many  eases  where  the  pinnacles  of  the  same  turret  of  a 
elniroh  have  been  struck  where  one  has  had  a  rod  attached  to  it; 
but  it  is  clear  that  the  other  pinnacles  were  outside  the  cone;  and 
therefort\  for  i>n>teetion,  each  pinnacle  should  have  had  its  own 
rod.  It  is  evitient  also  that  every  prominent  point  of  a  building 
shoulil  have  its  rod,  and  that  the  higher  the  rod  the  greater  is  the 
space  pn'^teoted, 

VI,  A  theoretical  and  practical  Treatise  on  the  Manufacture  of 
Snlphurit*  Acid  and  Alkali^  with  the  collateral  branches;  by 
Gkorisk  LvNi;K,  Ph.D.,  F.C.S.  Vol.  Ill,  422  pp.  8vo.  London, 
1S80  (J.  Van  Voorst). — The  preceding  volumes  of  this  very  vain- 
able  work  have  In^n  notieeil  in  full  in  this  Journal  (voL  xix,  280, 
and  xxi,  70).  The  early  part  of  the  third  and  concluding  volame 
0\>ntain$  the  oU^sing  chapters  on  the  soda  industry,  including  a 
desoription  of  the  ammonia  pnnvss,  the  manufacture  of  soda  from 
cryolite,  and  a  statement  of  the  applications  of  soda,  with  stads- 
tios.     The  two  huiulreil  pages  following  are  devoted  to  bleaching- 

Sowder  and  chlorate  of  }H>tash ;  the  manufacture  of  chlorine  by 
it!en»nt  methiHls,  and  of  bleaching-powders,  with  other  related 
subjtvts,  art*  ably  and  fully  treateif.  The  volume  closes  with  one 
ap^HHidix,  giving  estimates  as  to  the  cost  of  erecting  an  alkali- 
works,  and  a  seinnul  in  which  much  valuable  matter  snpplement* 
ary  to  the  bixlv  of  ihe  woik  is  included. 
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IL   Geology  and  Natural  History. 

1.   !%€  Lavorjields  of  Northtoestern  £urope;  by  Archibald 

GuKUB,  Director  of  the  Geological  Survey  of  Scotland.    (Nature, 

Not.  4,  1880). — In  this  paper  the  purpose  of  the  author  is  to 

illastrate  the  fact  that  the  greatest  of  igneous  eruptions  have 

taken  place  without  the  intervention  of  volcanic  vents,  and  then 

to  show  that  the  lava-fields  of  northwestern  Europe  are  examples 

.    to  a  large  extent  of  such  non-volcanic  ejections. 

r       Professor  Geikie  first  observes  that  the  volcanoes  of  the  Medi- 

I  (erranean  basin  have  given  to  science,  as  well  as  the  popular  mind 

}   the  prevalent  idea  as  to  the  features  of  igneous  action — so  that 

'^even  among  those  who  have  specially  devoted  themselves  to  the 

study  of  volcanoes  there  has  been  a  tacit  assumption  *  *  *  that 

where  volcanic  outbreaks  have  occurred  it  has  oeen  from  local 

vents,  like  those  of  £tna,  the  i£olian  Islands,  the  PhlegrsBan  fields, 

<Mr  the  Greek  Archipelago ;"  and  now,  the  statement  that  ^'  the 

type  of  volcanic  cones  and  craters  has  not  been,  in  every  geologi- 

ou  age,  and  all  over  the  earth's  surface,  the  prevalent  one,  that  on 

the  contrary  *  *  *  it  belongs  perhaps  to  a  feebler  or  waning 

degree  of  volcanic  excitement,"   **  would   be  received  by  most 

European   geologists   with   incredulity  if  not  with    some   more 

pronounced  form  of  dissent."     When  Kichthofen  published,  some 

twelve  years  since,  about  vast  areas  of  lava  on  the  Pacific  slope 

of  North  America  made  without  the  aid  of  cones  and  craters, 

Scrope,  in  his  ''  Considerations  on  Volcanoes,"  ^'  ridiculed  what  he 

regarded  as  '  fanciful  ideas'  and  '  untenable  distinctions,'  which 

it  was  '  a  miserable  thing'   to  find   taught   in   raining    schools 

^      abroad."     Professor  Geikie  speaks  of  his  acceptance  at  first  of 

h'n  teacher's  views;  but  of  his  finding,  afterward,  as  he  studied 

i     the  facts  connected  with  the  erupted  masses  of  Great  Britain, 

I     that  in  truth  little  light  was  thrown  upon  the  subject  by  the 

I     modem  volcano.      There  were  multitudes  of  dikes  of  basalt  over 

I     i  region  of  100,000  square  miles,  from  Yorkshire  to  Orkney  and 

t     from  Donegal  to  the  mouth  of  the  Tay,  spreading  into  basaltic 

plateaux  to  the  westward  in  Antrim,  Skye,  northeastern  Ireland 

and  elsewhere,  having  in  some  places  a  thickness  of  3000  feet,  the 

origin  of  whose  horizontal  or  nearly  horizontal    beds  without 

interstratified   tufas  he  says  he  attempted  again  and  a^ain  to 

explain,  but  in  vain  ;  and,  he  adds,  '^!Nor  so  long  as  the  incubus 

of  '  cones  and  craters'  lies  upon  one's  mind  does  the  question 

admit  of  an  answer." 

The  author  next  recounts  the  facts  which  he  had  himself 
observed  in  Western  America,  and  states  that  these  first  enabled 
him  to  understand  Richthofen's  descriptions  and  the  basalt-sheets 
of  his  own  country.  From  his  paragraphs  we  take  the  following; 
"Never  shall  I  forget  an  afternoon  m  the  autumn  of  last  year 
upon  the  great  Snake  Kiver  lava  desert  of  Idaho.  It  was  the  last 
day  of  a  journey  of  several  hundred  miles  through  the  volcanic 
region  of  the  Yellowstone  and  Madison.  We  had  been  riding  for 
two  days  over  fields  of  basalt,  level  as  lake  bottoms,  among  the 
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valleys,  and  on  the  morning  of  the  last  day,  after  an  interview 
with  an  armed  party  of  Indians  (it  was  only  a  few  days  before 
the  disastrous  expedition  of  Major  Thomburgn,  and  the  surroiind- 
ing  tribes  were  said  to  be  already  in  a  ferment),  we  emerged  from 
the  mountains  upon  the  great  sea  of  black  lava  which  seems  to 
stretch  inimitably  westward.  With  minds  keenly  excited  by  the 
incidents  of  the  journey,  we  rode  for  hours  by  the  side  of  that 
apparently  boundless  plain.  Here  and  there  a  tracbytic  spur 
projected  from  the  hills,  succeeded  now  and  then  bv  a  vallev  ap 
which  the  black  flood  of  lava  would  stretch  away  into  the  hign 
grounds.  It  was  as  if  the  great  plain  had  been  filled  with  molten 
rock  which  had  kept  its  level  and  wound  in  and  out  along  the 
bays  and  promontories  of  the  mountain-slopes  as  a. sheet  of  water 
would  have  done."  *  *  ♦ 

'^  Riding  hour  after  hour  among  these  arid  wastes,  I  became 
convinced  that  all  volcanic  phenomena  are  not  to  be  explained  by 
the  ordinary  conception  of  volcanoes,  but  that  there  is  another 
and  grander  type  of  volcanic  action,  where,  instead  of  iasoinff 
from  separate  vents  and  piling  up  cones  of  lava  and  ashes  around 
them,  the  molten  rock  has  risen  in  fissures,  sometimes  accompanied 
by  the  discharge  of  little  or  no  fragmentary  material,  and  has 
welled  forth  so  as  to  flood  the  lower  ground  with  successive  hori- 
zontal sheets  of  basalt.  Recent  renewed  examination  of  tbe 
basalt-plateaux  and  associated  dykes  in  the  west  of  Scotland  bia 
assurea  me  that  this  view  of  their  origin  and  connection,  which 
first  suggested  itself  to  my  mind  on  the  lava-plains  of  Idaho^ 
furnishes  the  true  key  to  their  history."  *  *  * 

"  No  more  stupendous  series  of  volcanic  phenomena  has  yet 
been  discovered  in  any  part  of  the  globe  than  those  of  north- 
western Europe.     We  are  first  presented  with  the  fact  that  the 
crust  of  the  earth  over  an  area  which  in  the  British  Islands  alone 
amounted  to  probably  not  less  than  100,000  square  miles,  but 
which  was  only  part  of  the  far  more  extensive  region  that  included 
the  Faroe  Islands  and  Iceland,  was  rent  by  innumerable  fissures 
in  a  prevalent  east-and-west  or  south east-and-north west  direction. 
jdThese  fissures,  whether  due  to  sudden  shocks  or  slow  disruption, 
were  produced  with  such  irresistible  forcQ.  as  to  preserve  their 
Inear  character  and  parallelism  through  rocks  of  the  most  diverse 
na^re..^nd  even  across  old  dislocations  having  a  throw  of  many 
d  feet.     Yet  so  steadily  and  equably  did  the  fissuring  pro- 
ber this  enormous   area,  that  comparatively  seldom  was 
Verticjil  displacement  of  the  sides.     We  rarely  meet 
which  has  been  made  a  true  fault  with  an  upthrow 
:ow  side." 
jlves  further  details  respecting  these  British  ejections, 
to  the  great  basaltic  plateaux  of  Abyssinia  and  of 
ndia ;  and  in  the  course  of  his  concluding  remarks 
Professor  Geikie  observes,  "  I  believe  that  the  most  stupendous 
outpourings  of  lava  in  geological   history  have  been  effected  not 
by  the  familiar  type  of  conical  volcano,  but  by  these  less  known 
fissure  eruptions." 
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Vobtma  of  solid  and  liquid  Coat  Iron,  with  referenct  to 
theories  of  Vbhanic  action. — finder  the  above  title  Mr,  J,  B, 
f  NAT  presents,  in  the  ProceedingB  of  the  Philosophical  Society 
jta^ow  for  January,  1880,  the  resalts  of  ezperitneotB  od  oapt 
1.  He  first  refers  to  the  view  of  Messrs.  Nasmyth  and  Car- 
ter, in  their  vork  dn  the  Mood,  that  fusible  substances,  with 

exceptions,  are  specifically  heavier  in  their  molten  state  than 
[he  solid,  and  that,  consequently,  they  expand  on  becoming 
i,  which  view  they  sustain  by  referring  to  a  fact  recoeniEed 

iron  founders,  that  a  mass  of  solid  cast  iron  dropped  into 
ten  iron  of  the  same  precise  kind  will  float  on  it;  ana  whence 
^  draw  the  conclusions  that  solidification  beneath  the  earth's 
It  is  a  cause  of  Gssuring  of  the  cruat,  and  thus  of  opening  vol- 
oea  ;  and  that  the  cooling  of  the  same  after  solidification  pro- 
es  shrinkage,  and  consequently  a  wrinkling,  or  alternate  ridores 

depressions,  over  the  surface.  Mr.  Hanuay  states  that  in  nis 
eriments,  spheres  of  iron  three  to  six  inches  in  diameter  were 
[>ped  into  a  bath  of  the  same  metal  four  feet  wide  and  two 

deep.  In  one  of  them  the  sphere  sank  at  first  to  the  bottom, 
!re  it  could  be  found  by  raking  the  pot ;  in  fifty  seconds  it 
le  to  the  surface,  having  a  dull-red  temperature ;  as  the  tern- 
Uare  increased  it  floated  higher  aud  higner,  until  it  began  to 
t,  when  it  remained  constant  but  diminished  in  height,  of 
rse,  as  the  sphere  melted  away.  Another  trial  gave  the  same 
tits,  and  the  value  was  found  to  be  constant.  In  other  experi- 
Its  the  halls  were  fished  out  when  at  their  maximum  tempets- 
>;  and  they  showed,  by  the  "tide-mark"  left,  the  exact  depth  of 
mergence,  and  also  the  relation  between  the  volumes  or  densi- 

of  liquid  and  solid  metal.  The  result  reached  is,  that,  on  an 
rage,  cast  iron  expands  5*62  per  cent  of  its  volume  on  -solidifi- 
on.  The  various  experiments  proved  that  the  iron  just  floats 
n  at  a  red  heat,  which  is  estimated  at  750°  to -800°.  The 
sr  expansion  of  a  bar  of  iron  up  to  that  temperature  was 
irtained  to  be,  from  four  experiments,  -000055,  -OOOOTO,  -OOOOfiO 

■000060,  giving  a  mean  of  -Ouoduu  pci-  iligi>  "  '  ' 
!  density  of  the  iron  used  was  7"2I4,  which  d — ' 
kbout  600°,  and  this  whs  the  density  of  the  li 
ere  floated  with  5*62  per  cent  of  its  volume  s 
density  of  the  solid  at  its  fusing  point  mu 
it  least  B'SSS.  The  expression  as  lea»t  is 
the  experiments  had  to  be  above  the  fumi 
freezing  while  these  were  in  progress,  i 
er  the  truth.  The  facts  are  sliow 
le  the  experiments  of  Air.  Mallet, 
a  the  same  volume  of  Proceedings,  r  ^^^^^^^^ 
account  of  experiments  on  the  aame^^^^^^^Ht  Joseph 
litby  and  Mr.  T.  Wri^htson.  Mi-.  fl^H|^^Rarliest  ex- 
hnents  are  published  in  the  Brit isl^^^^iat ion  IJeport  for 
9,  p.  606,  Later  results,  from  a  rnHflarger  [lumber  of  ex- 
iments  on  metals,  are  given  in  a  paperin  the  ''  Journal  of  the 
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Iron  and  Steel  Institute,"  No.  11,  for  1879.  Mr.  Wriehtfion  con- 
cludes that,  in  passing  from  the  solid  to  the  liquid  state,  the 
density  of  the  iron  is  greatest  when  cold,  least  when  in  the  plastic 
state,  and  that  when  liquid  it  is  between  the  two  extremes  but 
much  nearer  the  solid  than  the  plastic  density.  Dr.  Muirhead 
concludes  that  the  results  are  not  favorable  to  Sir  Wm.  Thomson's 
(or  Hopkins's)  hypothesis,  that  while  the  earth  was  passing  from 
a  liquid  to  a  solid  state,  cooled  fragments  of  the  earth's  cmt 
would  have  descended  deeply  toward  the  earth's  interior,  and 
built  up  a  sort  of  irregular  interior  framework  to  support  the  it 
last  successfully  forming  crust.* 

Mr.  Hannay  observes  that  slags  and  eTeo  molten  granite  show 
the  same  phenomenon — the  solid  floating  on  the  liquid ;  that  from 
experiments  he  has  made  at  blast  furnaces  on  the  Clyde,  he  hai 
invariably  found  this  to  be  the  result,  though  he  has  not  yet  had 
an  opportunity  for  making  measurements. 

3.  Climate  of  Siberia  in  the  Era  of  the  MammotK — An  excellent 
paper  by  IIbnrt  H.  Uoworth,  in  the  Geolo^cal  Magazine  for 
December,  discusses  the  question  as  to  the  climate  the  ancient 
Mammoth  and  Rhinoceros  had  in  Siberia.  In  earlier  papers  the 
author  had  presented  the  facts  as  to  the  distribution  of  these  am- 
mals  in  that  region ;  that  the  bones  are  few  in  Central  Siberii^ 
but  increase  in  numbers  toward  and  along  the  Arctic  shores,  tho 
quantity  being  stated  to  be  so  great  in  the  Bear  Islands  and  the 
islands  of  New  Siberia  that  ^^  the  around  is  largely  composed  of  the 
bones  of  Mammoths  and  the  associated  animals."  In  the  last  papa 
the  author  speaks  of  the  unfitness  of  Northern  Siberia  for  such 
life,  the  barren,  frozen  ground,  even  the  most  favored  spots  grow- 
ing stunted  willow  bushes  as  almost  the  only  vegetation,  and  green 
for  not  over  two  months  in  the  year;  and  the  vicinity  of  the  Arc- 
tic coast  where  Mammoth  bones  abound,  as  a  bare  waste  without 
trees  or  shrubs  of  any  kind.  He  next  shows,  from  the  remains  of 
plants  associated  with  the  bones  in  the  beds  containing  them,  m 
reported  by  investigators,  that  the  flora  of  this  same  Northern 
Siberia  in  the  Mammoth  era  contained  species  of  Picea,  Abie$^ 
Larix  among  Conifers,  species  of  Betxila  (birch),  8alix  (willow), 
an  Aln aster  2i,v\^  Ephedra — plants  now  thriving  in  Southern  Siberit; 
and  the  waters  or  land,  as  the  fresh-water  clays  have  in  some 
pl%ces  shown  species  oiHelix^  Planorbis,  Valvata,  LimncBa^  Cyela$^ 
Anodonta,  Further,  the  deposits  of  trunks  and  branches  of  large 
trees  (little  altered)  are  very  extensive,  especially  in  the  northern 
regions  where  the  bones  most  abound,  far  beyond  the  reach  of 
living  trees  of  any  size.  In  view  of  the  facts,  which  are  giv«i 
with  much  interesting  detail,  the  author  conclades  that  the  North 
Siberian  climate  in  the  era  hi  the  Mammoth  was  far  more  tempe^ 
ate  than  now ;  that  the  vegetation  was  much  like  that  of  Southern 
Siberia,  the  larch,  willow  and  Alnaster  being  the  prevailing  trees; 
that  probably  Lithuania  "where  the  Bison  now  survives,  and  where 
so  many  of  the  other  contemporaries  of  the  Mammoth  still  live,  pre- 

♦  Rep.  Brit.  Assoc,  for  1876,  Part  II,  p.  8. 
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to  ns  a  not  nnfaithfiil  picture  of  what  Northern  Siberia  must 
been  like  from  the  Urals  to  Behring's  Straits." 
7%e  Climatic  Changes  of  later  Geological  times:  a  dis- 
an  based  on  observations  made  in  the  CordHieras  of  North 
rica;  by  J.  D.  WHirNEY.  Memoirs  of  the  Museum  of  Com- 
tive  Zoology  at  Harvard  College.  Vol.  VII,  No.  2.  Part  I. 
3p.  4to.  Cambridge,  1 880. — This  volume  commences  with  a 
ter  on  the  glacial  and  surface  geology  of  the  Pacific  Coast, 
scuases  the  action  of  glaciers,  argues  that  they  cannot  make 
basins,  except  through  the  inclosures  its  moraines  may  have 
ed,  and  attributes  the  erosion  of  glacier  valleys  chiefly  to  the 
ing  water.  The  glacial  phenomena  of  the  Sierra  Nevada  are 
•ibed,  and  from  these  pages  we  cite  a  few  of  the  facts.  They 
onfined  mostly  to  a  belt  three  to  four  degrees  wide,  north  of 
ide  36°  ;  but  owing  to  declining  height  northward,  they  are 
extensive  north  of  the  Tuolumne  (37  30')  than  to  the  south. 
ig  three  rivers,  the  King's,  the  San  Joaquin  and  the  Tuo- 
le,  the  glacial  masses  were  of  great  extent.  That  of  the  first 
a  length  of  fifty  miles,  and  an  area  of  300  square  miles.  The 
al  scratches  are  all  over  the  region  down  to  an  altitude  (as 
rved  by  PVofessor  Brewer)  of  4,000  feet,  and  nowhere  btlow 
On  the  Joaquin,  the  glacier  on  the  South  Fork  had  a  length 
ly  miles,  a  depth,  in  some  parts,  of  1,500  feet,  and  a  width  in 
38  of  eight  to  nine  miles.  In  the  Tuolumne  glacier  region, 
ice  of  the  plateau  region,  9,000  feet  in  elevation  between  the 
mit  peaks,  (Cathedral  Peak,  Mount  Conness,  Mount  Dana  and 
nt  Lyell),  was  over  1,000  feet  thick.  Below  Soda  Springs  is 
[^anon  of  the  Tuolumne,  havii^  precipitous  walls  of  rock  1,000 
,500  feet  high,  scored  well  by  the  glacier ;  but,  as  Professor 
tney  holds,  this  gorge  could  not  have  been  glacier  made.  The 
larks  reach  down  to  about  3,650  feet  above  the  sea-level, 
glacfter  of  the  Merced  is  next  described,  and  strong  arguments 
irged  against  the  view  that  the  Yosemite  was  made  by  glacier 
on.  It  is  stated  that  the  glacier  of  the  Merced  could  not 
f  extended  as  far  as  the  Yosemite,  and,  consequently,  the  ice 
•r  entered  that  valley.  Its  walls  bear  no  glacier-made  mark- 
The  glacial  appearances  of  localities  farther  north  are  also 
ted  of  with  many  mteresting  details.  In  no  part  of  the  Sierra 
ada  are  they  met  with  below  a  level  of  2,000  feet  above  the 

le  author  also  reviews  the  facts  observed  in  the  Rocky 
ntains  and  to  the  north  ;  and  from  the  whole  finds  his  former 
losion  sustained,  that  no  norther?i  drift  exists  in  any  part  of 
tern  North  America — not  even  in  British  Columbia ;  and  he 
I  that  Mr.  Dall  has  reported  the  same  to  be  true  of  Alaska. 
rhe  desiccation  of  later  geological  times"  is  the  subject  of  the 
ng  chapter  of  the  work.  The  facts  are  mentioned  with  regard 
he  former  wide  limits  of  existing  lakes  between  the  Sierra 
ada  and  the  Front  Range  of  the  Rocky  Mountains,  and  of 
y  others  now  dried  up,  and  others  from  other  regions  on  the 
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western  part  of  the  continent ;  and  the  conclusion  is  reached  that 
the  cause  of  the  great  desiccation  was  climatological,  and  not  a 
consequence  of  change  of  level. 

6.  Six  Lectures  on  Physical  Geography;  by  the  Rev.  Sahukl 
Hauqhton,  F.R.S.,  M.D.  Dubl.  and  D.C.L.  Oxoil:  Fellow  of 
Trinity  College,  and  Professor  of  Geology  in  the  University  oi 
Dublin.  886  pp.  8vo.  Dublin,  1880.  (Longmans,  Green  Jb  Ca, 
London.) — Professor  Haugh ton's  mathematical  studies  connected 
with  certain  points  in  physical  geography  have  been  of  moch 
service  to  geology.  The  lectures  liere  published  with  their  ap- 
pended notes  brmg  out  some  of  these  points,  as  well  as  many 
generally  accepted  views,  and  discuss  a  few  others  of  like  geologi- 
cal interest.  Even  if  the  results  are  in  some  cases  unsatisfyiDg, 
owin^  to  the  use  of  insufficient  data,  the  work  is  an  important 
contribution  to  the  science  of  terrestrial  physics. 

The  first  lecture  presents  some  recent  views  as  to  ^  the  past 
history  and  future  prospects  of  the  earth,"  involved  in  the  assumed 
truth  of  the  nebular  hypothesis,  and  the  recent  inference  of  m- 
tronomers  that  the  eartlrs  day  is  slowly  shortening. 

The  second  treats  of  '' continentis  and  oceans,  volcanoes  and 
mountains.''  The  heights  of  continents  and  depths  of  oceans  are 
briefly  reviewed,  and  a  few  general  deductions  Drought  out  as  to 
axes  (following  the  meridians)  of  elevation^  corresponding  one  to 
each  continent,  and  of  depression^  one  to  each  ocean,  which  axes 
are  regarded  as  indicating  the  courses  of  the  original  wrinkles  in 
the  contracting  fflobe.  N  o  note  is  taken,  however,  of  the  structure, 
age,  true  directions,  or  other  details  with  respect  to  actual  moao- 
tain  ranges,  or  of  the  general  |pourses  of  tne  earth's  structure- 
lines. 

The  great  east-and-west  range  of  hieh  land  of  Europasia,  from 
the  Pyrenees  to  the  Uimalayae,  is  spoken  of  as  the  most  modern 
of  mountain  chains.  But  the  Rocky  Moimtains  also  ware  raised 
8,000  to  12,000  feet  during  the  progress  of  the  Tertiary  (especially 
the  Miocene  and  Pliocene),  and  the  Andes  in  part  to  a  greater 
height.  The  vast  extent  of  these  movements  over  the  earth's  con- 
tinental surfaces  during  the  Tertiary,  when  other  large  regions 
experienced  little  or  no  change  of  level  is  not  considered.  It  is  t 
good  subject  for  contemplation  and  study  by  all  physicists  inte^ 
ested  in  terrestrial  dynamics  and  the  condition  of  the  earth's 
interior. 

Lecture  III  considers  '^  the  laws  of  climate  and  atmospheric  and 
oceanic  circulation."  Heat  from  the  earth's  interior,  and  that 
from  a  cooling  sun  are  here  made  the  prominent  sources  of  the 
earth's  early  climates.  But  the  author  returns  to  the  subject  in 
a  note  to  the  sixth  lecture,  many  pages  in  length,  in  which  he 
applies  to  the  case  of  the  earth's  surface  Rossetti  s  law  of  cooling. 
Professor  Haughton,  by  this  method,  calculates  the  rate  of  cooling 
on  the  supposition  that  the  source  of  heat  is,  firsts  sun-heat  alone; 
secondy  earth-heat  alone;  and,  thirdy  variations  in  the  thermal 
conditions  of  the  earth's  atmosphere ;  the  other  conditions  in  eacb 
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of  these  cases  beins  supposed  to  be  as  they  now  are.  The  final 
"probable"  conclusions  thence  reached  are :  that  "  the  chief  factor 
in  changes  of  geological  climate  appears  to  have  been  the  slow 
flecolar  cooling  of  the  sun ;"  that  since  life  began  on  the  globe, 
the  earth^s  interior  heat  can  not  be  regarded  as  ^'  the  sole  and 
immediate  cause  of  change  of  climate ;"  that  the  carbonic  acid 
and  moisture  of  the  atmosphere  have  added  to  the  warmth  of  past 
climates,  the  former  chiefly  during  Paleozoic  and  earlier  times. 

He  adds  that  the  cold  and  precipitation  of  the  Glacial  era  '^  was 
probably  due  to  atmospheric  changes  caused  by  a  temporarily 
diminished  rate  of  heat-radiation  from  the  sun." 

The  laws  of  modem  climate  also  are  discussed  in  the  closing 
part  of  the  third  lecture,  its  main  sources  being  made  as  usually 
understood,  the  sim's  heat  and  aerial  and  oceanic  circulation.  In 
a  note  he  introduces  his  calculations  with  regard  to  the  total 
annual  heat  received  at  each  point  of  the  earth's  surface,  and  on 
the  amount  of  the  loss  of  that  heat  caused  by  radiation  into  space ; 
in  which  he  finds  that  the  whole  amount  of  the  sun's  heat  received 
is  equivalent  to  that  required  to  melt  a  layer  of  ice  over  the  whole 
globe  80*5  feet  thick,  and  that  the  part  lost  by  radiation  is  equiv- 
alent to  28*5  feet  of  ice  in  thickness,  leaving  51*5  feet,  or  more 
tlian  5-8thB  of  the  whole,  to  be  accounted  for  not  as  heat  but  as 
▼ork. 

The  author,  further,  arrives  at  a  parallel  relation  between  the 
lengths  of  the  geological  ages  as  measured  by  the  maximum 
thickness  of  sedimentary  deposits,  and  by  the  rate  of  progress 
in  its  cooling  climate.  But,  in  the  calculation,  the  Cambrian  or 
Primordial  era  (in  which  Trilobites,  Brachiopods  and  Worms  were 
already  in  the  seas)  is  united  to  the  Azoic  (Archaean),  and  thus 
it  is  made  to  antedate  the  epoch  (of  which  he  makes  special  use) 
when  a  mean  Arctic  temperature  of  122°  F.  (that  of  the  coagula- 
tion of  albumen)  was  reached  by  the  earth. 

Moreover  the  calculations  make  the  time  between  the  era  of  the 
Miocene,  with  an  Arctic  mean  temperature  of  48°  F.,  and  the  pres- 
ent to  be  longer  than  the  preceding  part  of  the  Tertiary  and  all  of 
Mesozoic  time  after  the  Triassic  united  (p.  93)  ;  or  (as  stated  on  p. 
358,  from  other  calculations)  41*7  per  cent  of  the  whole  time  of  the 
poBsible  existence  of  life  on  the  globe  at  lat.  80°  N. ;  a  result 
widely  at  variance  with  the  thickness  of  the  sedimentary  deposits 
of  the  eras,  and  also  with  the  relative  amount  of  physical  and  bio- 
logical progress  in  the  course  of  them.  The  idea  of  the  extreme 
aniformitarian  Professor  Haughton  rightly  opposes,  since  it  appears 
to  have  no  suflScient  support  in  geological  facts.  But  that  of  regu- 
lar gradation  in  declining  temperature  is  in  equal  disagreement 
with  the  records.  This  is  admitted  by  him  for  the  Glacial  era, 
whose  cold  is  explained  on  the  assumption  of  a  temporarily  lessened 
heat-radiation  from  the  sun ;  and  if  this  exception  exists,  there  may 
have  been,  and  probably  were,  many  maxima  and  minima  in  the 
coorae  of  the  progress. 
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It  is  probable,  from  receut  discoveries,  that  the  Arctic  fl 
referred  to  the  Miocene  by  Heer,  was  actually  Eocene ;  and  il 
Professor  Haughton's  conclusion  as  to  the  length  of  after  1 
would  be  more  reasonable.     But  so  many  doubts  invest  the 
ject  of  geological  time  and  rate  of  cooling  that  it  would  be 
mature  to  call  any  conclusion  reasonable. 

The  remainder  of  the  volume  is  occupied  by  Lectures  IV  anc 
on  the  rivers  and  lakes  of  Europasia,  Africa  and  America 
which  the  amount  of  water-discharge  and  detritus-transporta 
of  a  number  of  large  rivers  is  estimated,  and  some  couclasi 
deduced ;  and  Lecture  VI,  on  the  Geographical  Distributioi 
Animals  and  Plants,  which  treats  also  of  the  relations  of  spe 
to  climates  with  reference  to  geological  questions,  and  assa 
the  existence  of  a  once  large  and  flourishing  Antarctic  Contir 
to  help  in  explaining  the  origin  of  the  resemblances  which  e 
between  the  faunas  of  South  America,  Africa  and  Australia. 

Many  other  topics,  besides  these  here  mentioned  come  uc 
consideration  in  Professor  Haughton's  volume,  making  il  a  w 
of  wide  interest. 

6.  Address  by  H.  C.  Sorby,  F.R.S.,  President  of  the  ( 
logical  Society  of  London^  at  the  Anniversary/  meeting  in  Fe< 
ary^  1880.  60  pp.  8vo. — Mr.  Sorby's  presidential  address  is 
of  the  most  important  of  recent  contributions  to  geolog 
science.  The  author  gives  the  result  of  a  large  amount  of  mi 
scopic  investigation  into  the  condition  and  structure  of 
grains  of  non-calcareous  stratified  rocks,  carried  on  in  order 
study  out  the  true  history  or  mode  of  origin  of  the  rocks ;  and 
rocks  which  are  considered  embrace  frngmental  rocks,  from  lo 
sand  beds  to  consolidated  sand-rocks  and  shales,  metamorp 
rocks,  and  slates  as  the  passage  way  between  the  metamor{: 
and  the  preceding.  The  methods  of  distinguishing  microsco] 
ally  some  of  the  more  common  minerals  in  slices  and  in  sand, 
the  aid  of  polarized  light,  are  also  considered  and  elucidated 
means  of  new  researches.  The  development  also  of  laminati 
slaty  structure  and  foliation,  is  among  the  subjects  of  investigat 
and  receives  new  light.  All  the  various  topics  are  brought  out 
a  brief  way,  and  nothing  short  of  the  explanations  given  in 
paper  are  sufficient  to  do  them  justice. 

The  following  are  a  few  of  the  results  presented.  Fron 
study  of  sands  from  various  sources  the  conclusion  is  arrived 
that,  excepting  those  which  have  boon  made  by  wind  transpoi 
tion,  they  generally  bear  little  evidence  of  attrition,  and  often  nc 
Even  those  of  beaches,  of  river  terraces,  of  the  millstone  grit  of 
coal-measures,  and  of  most  sand  deposits,  are  often  sharp-angi 
Again,  he  shows  that  in  what  has  been  called  crystallized  sand 
sandstone,  the  little  quartz  crystals  which  constitute  it  h 
sometimes  been  made  by  the  deposition  of  silica  about  the  grai 
and  that  this  is  ordinarily,  if  not  always,  the  mode  of  origin  o 
rock,  whether  friable  or  not,  consisting  of  an  aggregation 
small  or  minute  crystals  of  quartz.     He  instances  the  Devon 
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I  Red  Sandstone  of  Cockburnspath  as  affording  examples,  and 
Qtions  his  finding  them  in  deposits  up  to  the  05lite.  In  remarks 
the  dependence  of  amount  of  wear  on  weight,  Mr.  Sorby 
^rves  that  a  grain  one-tenth  of  an  inch  in  diameter  would 
►bably  be  worn  as  much  in  drifting  a  mile  as  one  one-thousandth 
\xk  inch  in  drifting  100  miles. 

The  lamination  or  fissile  structure  of  shale,  parallel  with  the 
Iding,  he  observes  may  be  a  result  of  mere  pressure,  the  water 
the  original  mud  being  thus  squeezed  out,  and  the  thickness 
iatly  reduced.  In  the  case  of  slates  from  North  Wales  and 
er  localities,  he  has  found,  by  slicing  and  optical  investigation, 
t  they  consist  chiefly  of  microscopic  scales  which  so  closely  re- 
ible  mica  optically  and  in  other  ways,  that  they  may  be  pro- 
meed  with  good  reason  as  of  this  species ;  and,  since  the  scales 
mostly  in  the  plane  of  bedding,  a  well  cleaved  slate  of  this  type 
solarizes  like  a  uniaxial  crystal  having  the  principal  axis  per- 
idicular  to  the  cleavage.  When  the  mica  scales  conform  thus 
position  to  the  plane  of  bedding  in  a  slate,  the  author  holds 
It  they  are  probably  of  fragmental  origin ;  since  he  has  found 
other  slates  in  which  the  mica  was  "  formed  in  situ,  that  the 
rstals  of  mica  are  not  stratified  but  lie  at  all  possible  azimuths, 
i  moreover  are  collected  about  special  centers." 
\s  an  inference  from  the  study  of  slates  and  other  rocks,  he 
'6 :  "  It  appears  to  me  that  the  development  or  absence  of  cer- 
D  minerals  in  metamorphic  rocks  depended  as  much  on  the 
ginal  nature  of  the  material  as  on  any  mere  difference  of  the 
aperature  to  which  the  rocks  have  been  exposed ;  so  that  lower 
ng  rocks  might  very  well  be  less  altered  than  those  above 
m,  even  though  probably  at  one  time  exposed  to  a  higher 
iperature  invading  them  from  below." 

^Ir.  Sorby  has  found  that  a  gradual  and  perfect  passage  often 
sts  "  between  an  almost  normal  slate  and  what  is  practically  a 
e  mica  schist,"  the  onlv  essential  difference  being  in  the  differ- 
?e  in  size  of  the  crystals.  Some  fine-grained  mica  schists  are 
ther  proved  to  be  a  result  of  the  metamorphisra  of  detrital  beds 
their  containing  isolated  worn  grains  of  quartz  with  the  mica 
les  wrapped  around  them,  and  occasional  grains  of  feldspar. 
Phe  proof  that  "  the  schists  of  the  central  Highlands  of  Scot- 
d  were  originally  slates"  is  worked  out  microscopically  with 
»t  care,  and  the  very  probable  conclusion  is  reached  that 
iking  into  consideration  the  character  of  both  the  feldspathic 
1  quartzose  grains,"  the  material  was  to  a  considerable  extent 
ived  from  a  granite  of  a  type  very  unlike  that  of  Cornwall,  but 
jome  respects  analogous  to  that  of  Aberdeen,  though  differing 
m  it  in  being  more  like  a  quartz  felsite." 

Tiese  are  a  few  of  the  deductions,  in  the  Address,  arrived  at 
n  the  study  of  the  least  promising  of  all  rock-formations — 
d-beds  and  slates. 

.  Geological  Survey  of  Penyifiylvania. — Oreat  progress  has 
n  made    toward  the   completion  of  the  geological  survey  of 
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Pennsylvania,  under  its  able  director,  Professor  J.  Peter  Lesley. 
As  recently  announced  by  the  Commissioner,  forty-two  counties  of 
the  State  have  been  surveyed  in  full,  eighteen  surveyed  in  part, 
and  only  six  remain  untouched.     The  unfinished  portion  includes 
the  eastern  counties  and  some  of  the  central.     The  publication  of 
the  results  has  gone  forward  as  the  work  has  advanced,  and  al- 
ready eighteen  reports  on  the  geology  of  the  several  counties  have 
been  issued,  besides  sixteen  special  reports,  and  half  as  many  more 
are  in  course  of  preparation.     The  field,  and  eminently  that  of 
Western  and  Central  Pennsylvania,  is  one  of  vast  mineral  wealth, 
unexceeded  in  fact  by  any  equal  area  on  the  continent,  its  coal, 
mineral  oil  and  iron,  yielding  an  annual  income  of  200  millioofl 
of  dollars ;  and  these  are  not  the  only  valuable  mineral  products. 
And  the  surveys  have  had  especial  reference  to  all  those  points  in 
the  geological  structure  of  the  regions  which  should  give  more 
certamty  to  exploration  and  its  results.     They  have  been  thor- 
ough geologically ;  and  this  means  that  they  have  gone  to  the 
bottom,  BO  far  as  possible,  both  as  regards  scientific  and  econom- 
ical questions,  thoroughness  comprising  both  classes  of  results. 
The  yield  of  the  three  products  just  mentioned  is  so  large,  that 
any  increase  in  the  facilities  or  certainties  of  exploration,  made  by 
such  a  survey,  even  if  producing  a  gain  of  only  one  per  cerit,  is  a 
vast  increase  in  the  aggregate  amount  of  proceeds — sufficient  to 
pay  a  hundred  times  over  the  whole  cost  of  the  survey. 

several  of  the  reports  have  especially  an  economical  bearing. 
A  third  report  on  the  oil  regions,  by  Mr.  Carll,  is  the  result  of  the 
last  year's  work,  and  will  soon  appear.'  Another,  now  in  the  press, 
treats  of  the  waste  in  anthracite  mining ;  it  was  prepared  in 
response  to  a  call  from  the  legislature.  The  work  on  the  area  of 
the  bituminous  coal  fields,  being  for  the  most  part  finished,  the 
anthracite  coal  fields  are  now  under  careful  study,  and  maps  are 
in  preparation  showing  not  only  the  surface  distribution  but  also 
the  underground,  at  different  depths,  and  the  actual  forms  and 
extent  as  far  as  is  possible,  of  the  subterranean  sheets  of  coal- 
work  in  which  the  geologists  have  great  aid  from  the  mining 
engineei*s.  About  twenty  square  miles,  including  the  Wyoming  \} 
region,  were  surveyed  the  past  season,  under  Mr.  Ashburner.  i 
The  investigations  seek  to  determine  the  actual  thickness  and 
course  of  the  great  mammoth  vein,  besides  others,  so  that  tunnel- 
ing may  be  more  certain  in  its  results  and  safer  from  disaster. 
Besides  maps,  the  work  will  include  the  making  of  a  plaster 
model  showing  to  the  eye  just  how  the  great  mammoth  coal  van 
would  look  with  all  its  flexures  and  irregularities,  if  the  covering 
rock  were  lifted  otf — a  method  of  exhibition  first  used  many  years 
since  by  Professor  Lesley.  Such  investigations,  besides  aiding  , 
the  miner,  i^ive  a  closely  approximate  idea  of  the  amount  of  coaL 

In  a  scientific  way,  also,  the  reports  have  great  value.  The 
"  Keystone  State''  is  eminently  such  geologically  ;  and  its  survey 
is  solving  several  problems  for  the  country,  besides  giving  us  our 
best  knowledge  of  its  Coal-era  vegetation. 
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The  report  of  the  Commissioner  states  that  only  three  years 
more  of  work  are  needed  to  complete  the  survey ;  and  it  has  been 
said  rightly,  that  if  continued  and  finished  as  proposed,  it  will 
be  one  of  the  most  complete  works  of  the  kind  ever  accomplished, 
and  will  be  worth  to  the  State  and  its  citizens  many  times  its 
comparatively  trifling  cost. 

The  report  of  Mr.  Ashbumer  on  McKean  County,  including  the 
Bradford  .oil-region,  has  been  recently  issued,  and  will  be  noticed 
in  another  number  of  this  Journal. 

8.  Hie  Quatemart/  after  the  Era  of  the  cave^nitnaU  in  Europe, 
— M.  Tardy,  in  a  paper  in  the  Bulletin  of  the  Geological  Society 
of  France  for  April  7,  1879,  states  that  a  bed  of  gravel,  sands  and 
claya,  called  rea  diluvium  (*^  diluviums  rouges*'),  occurs  over  a 
large  part  of  France  and  the  adjoining  countries,  covering  the 
Icess  and  other  deposits  containing  remains  of  the  Cave-animals, 
Mammoth  and  in  many  places  human  remains  or  relics.  It  occurs 
near  Paris  and  from  there  extends  south.  M.  Hubert  describes 
it  about  Bordeaux ;  and  Casiano  de  Prado  states  that  it  overlies 
the  .stratified  diluvium  which  contains  bones  of  the  Elephas 
frimigenius  and  rolled  pebbles,  near  Madrid,  extending  over  the 
plateau  of  New  Castille.  Near  Madrid  it  has  an  elevation  of  660 
meters ;  on  the  Col  de  I'Eremo,  near  Turin,  600  meters,  and  in 
France  between  Puy  and  Mende  and  between  Mende  and  Saint- 
Flour,  at  a  height  of  800  meters.  The  fragments  of  the  gravel 
ire  for  the  most  part  angular,  and  the  beds  show  little  stratifica- 
tion. The  age  to  which  this  "  red  alluvium"  is  referred  by  Tardy 
b  between  the  era  of  the  mammoth  and  cave-animals  (the  equiva- 
lent of  the  Champlain  period)  and  that  of  the  neolithic  beds  or 
domesticated  animals  of  Europe  (or  that  of  the  early  part  of  the 
modem  period). 

9.  River  Channels  JiUed  with  basalt  and  aftenoard  cut  out 
ane\c  and  deepened. — Professor  John  J.  Stevenson  has  described 
(Proc.  Am.  Phil.  Soc.,  Aug.,  1880)  cases  of  re-eroded  channel- 
ways  on  the  Canadfan  and  Mora  Rivers,  near  Fort  Union,  in  New 
Mexico.  The  original  canons  of  these  rivers  were  cuts  a  thousand 
feet  deep  or  so  in  the  Dakota  sandstone.  At  the  mouth  of  the 
Mora  (where  the  stream  unites  with  the  Canadian),  the  depth  of 
the  canon  before  the  inflow  of  basalt  was  860  feet ;  the  basalt  filled 
up  470  feet  of  this  depth  ;  the  waters,  renewing  the  erosion  pro- 
cess, cut  a  narrow  way  through  the  basalt,  and  below  it  to  a 
depth  of  230  feet.  The  canon  is  now  1090  feet  deep;  but  at  a 
level  620  feet  above  the  botton  it  is  narrowed  by  a  wide  terrace, 
that  of  the  top  of  the  basalt.  Mr.  Stevenson's  paper  contains  a 
section  of  the  two  streams  two  miles  above  their  junction,  show- 
ing similar  features  in  the  two  as  to  the  depth  of  the  basalt  and 
that  of  the  new  narrow  channel  cut  through  it  into  the  subjacent 
sandstone.  In  other  parts  of  the  streams,  the  new  channel  follows 
the  margin  of  the  basalt.  The  basalt  is  that  of  a  volcano  seven 
miles  east  of  Fort  Union  in  the  southern  extremity  of  the  Turkey 

Mountains.     Entering  the  Mora  canon,  the  liquid  rock  flowed 
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onward  to  its  mouth  and,  then,  nearly  three  miles  up  the  Canadian 
canon.     How  far  down  this  river  was  not  ascertained. 

The  enormous  extent  of  the  erosion  over  the  plains  which  pre- 
ceded the  time  of  the  eruption  of  this  basalt,  the  author  attribntes 
to  an  era  of  unusual  precipitation  that  had  then  passed  by. 

10.  On  the  occurrence  of  Profitus  longicaudus  HaM ;  by  H.  S. 
WiLUAMS.  (Communicated.)— The  only  specimen  of  this  Trilo- 
bite  of  which  published  notice  has  been  taken  is,  so  far  as  I  can 
ascertain,  the  one  described  by  Professor  Hall  in  the  fifteenth 
Regents'  Report,  New  York,  1862,  p.  108-109,  figs.  7,  8  and  9, 
Plate  10.  The  same  specimen  is  figured  in  the  ^'  Illustration  of 
Devonian  Fossils,"  1876,  Plate  xx,  figs.  32-34,  and  the  same 
notice  is  given  of  the  specimen,  so  that  we  take  for  granted  that 
in  1876  Professor  Hall  had  seen  only  this  specimen.  The  original 
specimen  is  said  to  have  come  from  ''  far  northeast  of  Des  Moines, 
Iowa,"  and  is  regarded  as  from  Hamilton  rocks  by  Hall. 

I  have  recently  examined  two  more  specimens  of  the  sanie 
species,  one  a  pygidium  about  the  size  of  HalPs  specimen,  and  te 
other  a  complete  and  nearly  perfect  specimen,  bat  only  aboat  a 
third  as  large,  folded  up,  and  the  pvgidium  protruding  beyond  the 
anterior  margin  of  the  glabella,  asm  the  original  specimen.  They 
agree  well  with  Hall's  description  and  figure.  The  "  nine"  dorsal 
segments,  the  '^  twenty  annulations  on  the  axis  of  the  pygidium," 
and  the  other  details  of  the  description  are  well  carried  out. 
Only  about  twenty  of  the  annulations  on  the  axis  could  be  counted 
in  the  larger  specimen,  but  there  was  still  room  for  two  or  three 
more,  which  would  be  expected  to  appear  in  a  larger  specimen,  or 
a  perfect  one.  In  the  smaller  specimen,  they  were  too  indistinct 
to  count  beyond  fifteen  or  sixteen,  but  the  proportion  of  those 
seen  and  their  relations  to  the  length  of  the  axis  leave  little 
doubt  of  the  perfect  identity  of  these  with  the  original  form  as 
described. 

The  specimens  were  sent  for  examination  by  Edwin  Walters, 
Principal  of  the  Madison  Public  Schools,  Madison,  Kansas.  He 
writes  that  they  were  found  in  a  blue  limestone  near  Madison, 
Greenwood  County,  Kansas,  and  he  describes  the  locality  as  "od 
the  border  of  the  Upper  Carboniferous,  the  Permian  and  Creta- 
ceous with  an  occasional  indication  of  a  Jurassic  Age."  From 
the  reports  of  the  Geology  of  Kansas  it  seems  impossible  to  con- 
sider this  locality  as  any  lower  than  the  Carboniferous,  and  if  we 
regard  it  as  Carboniferous  the  occurrence  of  the  species  here 
would  not  be  inconsistent  with  the  fact  of  the  same  species  being 
found  northeast  of  DesMoines,  Iowa,  where  C-arboniferous  strata 
crop  out,  if  one  does  not  go  too  far  into  the  corner  of  the  State. 
Still,  from  what  we  know  of  the  two  localities,  the  Kansas  rocks 
are  more  recent  than  those  of  northeastern  Iowa. 

Mr.  Walters  promises  to  make  further  examination,  and  a  few 
associated  fossils  will  fix  with  greater  accuracy  the  horizon  of  this 
species.     It  certainly  is  one  of  the  later  representatives  of  its  race, 
and  may  prove  to  be  the  last  one  known. 
Cornell  UDiversity,  Ithaca,  Decetabei,  \ftftO. 
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.  7%«  Northern  Sahara. — Mr.  G.  Holland  has  a  paper  on 
Geology  and  Hydrology  of  the  Northern  Sahara  (south  of 
ers  and  Tunis  between  Biskra  and  El  Goleab,  350  miles)  in 
\nnale8  des  Mines,  7th  ser.,  xviii,  152,  1880.  He  describes  the 
itry  as  rooky,  and  states  that  Cretaceous  strata,  consisting  of 
[  limestone,  often  dolomitic,  constitute,  in  nearly  horizontal 
t,  high  plateaus,  and  are  overlaid  by  the  Quaternary.  The 
aceons  formations  recognized  by  the  fossils,  as  near  £1  Goleah 
Mechgarden,  are  the  Cenomanian  and  Turonian.  The  Quater- 
'  deposits  are  coarse,  but  regularly  stratified,  and  are  of  fresh- 
er origin.  There  are  in  places  saline  lagoons  which  were 
lerly  more  extensive,  and  this  fact  accounts,  as  M.  ToumotLer 
shown,  for  the  occurrence  of  Cardium  edule  as  a  common  shell 
g  with  fresh-water  species. 

J.  Arctic  Coal, — The  mineral  coal  of  Grinnell  Land,  near  the 
Jer  quarters  of  H.  M.  S.  Discovery,  lat.  81°  43'  N.  and  long. 
4'  W.,  from  beds  whose  overlying  shales  contain  plants 
•red  to  the  Miocene,  afforded  Mr.  K.  J.  Moss  (Proc.  R.  Dublin 
,  May,  1878),  on  analysis.  Carbon  75*49,  hydrogen  5*60,  oxy- 
and  nitrogen  9*89,  sulphur  (including  0'36  of  S  from  pyrite) 
,  ash  6'49,  water  2*01=100.  The  composition  is  like  that  of 
b  Carboniferous  bituminous  coal,  which  it  resembles  closely 
uster.  Sp.  gr.  =  1*3.  The  coal  cakes  when  heated  and 
•ds  61  per  cent  of  a  coherent  coke. 

I.  The  Claiborne  Group  and  its  remarkable  fossils;  by  Pro- 
)r  P.  H.  Mkll,  Jr.,  Auburn,  Alabama.  10  pp.  8vo,  1880. 
ns.  Amer.  Inst,  of  Mining  Engineers.) — The  author  of  this 
?r  can  not  be  a  geologist.  In  a  section  on  page  5,  stated  to 
*  alter  Tuomey,"  he  has  the  "  Drift"  put  in,  conformably, 
veen  the  Coal-measures  and  the  Cretaceous,  which  is  certainly 
after  Tuomey;  and  the  text  referring  to  "the  accompanying 
ch"  shows  a  like  misapprehension  of  the  facts.  He  says  that 
■e  is  only  one  locality  of  Zeuglodon  remains  in  Alabama  and 
otes  a  paragraph  to  the  explanation  of  this  limited  distribu- 
I,  when  it  is  not  a  fact.  Again,  speaking  of  the  Tertiary,  he 
arks  that  "  several  strata  displayed  at  Claiborne  which  con- 
i  but  few  fossils  must  have  been  deposited  in  a  short  space  of 
e  by  the  great  influx  of  ice-bearing  sediment,'''*  Thus  the  Ter- 
y,  as  well  as  the  Cretaceous,  is  badly  mixed  up  with  the  Drift. 

4.  Paleontology  of  Austrior Hungary. — A  new  periodical  in 
,  bearing  the  title  **  Beitrage  zur  Palaeontologie  von  Oester- 
?h-Ungarn,"  has  been  recently  commenced  under  the  editorship 
E.  V.  Mojsisovics  and  M.  Neumayr.  The  prospectus  (dated 
V,  1880)  states  that  about  200  pages  and  30  plates  are  to  be 
led  yearly,  and  that  the  annual  subscription  will  bo  $10.  All 
prominent  paleontologists  of  the  Austrian  empire  have  pledged 
r  cooperation.  Subscriptions  should  be  sent  to  Mr.  Alfred 
der,  1  Kothenthurrastrasse,  Vienna. 

5.  A  crystallized  Mineral  made  from  bricks  at  Bh/enavon  in 
nmouthshire, — J.  Emerson  Ukynolds  reports  (Proc.  li.  Dub- 
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lin  Soc,  May,  1879),  that  in  the  oven  of  a  Bessemer  conrerter 
which  was  lined  with  ordinary  siliceous  fire-bricks,  basic  bricks 
were  piled  on  the  floor  in  contact  with  this  lining ;  and  that, 
after  reaching  an  intense  white  heat,  the  pile  or  stack  of  basic 
brick  subsided  and  (as  was  afterward  discovered)  its  lower  layers 
actually  passed  through  the  flooring  leaving  sharply  cut  outlines 
of  their  angles  in  the  siliceous  bricks.  The  refractory  basic  brick 
were  made  from  an  aluminous  magnesian  limestone.  The  result- 
ing fused  mass  was  partly  in  semi-transparent  crystals  of  long 
prismatic  form,  either  colorless  or  greenish,  with  sp.  gr.  ^  2*934; 
and  they  afibrded  on  analysis  the  formula  of  a  lime-and-magne«a 
pyroxene — the  results  obtained  being  Silica  55-35,  lime  23*24, 
magnesia  16*20,  alumina  and  iron-sesquioxide  4*20,  water,  loss, 
etc.  1*01  =  100,  corresponding,  if  the  alumina  and  iron  are  set 
aside  as  impurity,  to  (^Mg+iCa)SiO,. 

16.  Fossil  Spoyige-apicides  from  a  clay  bed  in  the  Carboniferoim 
strata  near  ^ligo^  Scotland;  by  Professor  H.  J.  Carteb  (Ann. 
Mag.  Nat.  Hist.,  V,  xxxiii,  209). — Of  the  spicules  here  described, 
the  most  common  is  a  sexradiate  stellate  kind,  with  6  to  24  rays, 
according  to  the  subdivisions  of  the  arms,  and  having  each  ray 
spiriform — named  by  Carter  HolastereUa  Wrightii ;  the  other 
kinds  are  the  hexactinellid,  lithistid,  and  a  sausage-shaped  kind, 
like  that  of  some  of  the  Renierm  of  the  present  day.  ffolostereUa 
con/erta  has  been  found  in  a  similar  clay  near  Glasgow.  Mr.  Ca^ 
ter  observes  that  "not  only  are  the  sponge-spicules,  and  the  minute 
fossils  of  the  Carboniferous  limestone  which  accompany  them, 
silicified  and  pitted  on  the  surface  with  the  same  kind  of  rhomhoi- 
dal  excavations,  but  the  "  chert"  to  which  Mr.  Wright  has  alluded 
appears  to  be  a  solid  pseudomorph  of  the  limestone ;  for  its  pum- 
ice-like worm-eaten  character  occurring  here  and  there,  from  pa^ 
tial  absorption  or  decomposition  of  the  material,  presents  a  skele- 
tal rhomboidal  structure ;  while  the  same  kind  of  rhomboidal  ex- 
cavations characterize  the  surface  of  the  weather-worn  calcareom 
fossils  in  the  pure  Devonian  limestone  of  this  neighborhood ;  by 
which  1  am  led  to  infer  that,  in  the  first  place,  the  sponge-spicules 
become  partially  or  wholly  calcified  among  calcareous  material, 
else  why  should  they  now  present  rhomboidal  excavations  on 
their  surface?  that  subsequently  the  siliceous  element,  being  lib- 
erated, replaced  the  calcareous  material  so  as  to  form  the  "  chert;" 
and,  thirdly,  that  the  rhomboidal  excavations  on  the  surface  of 
the  spicules  and  the  partial  absorption  of  the  spicules  themselves, 
leaving  nothing  but  their  moulds,  arises  from  the  changes  which 
the  siliceous  element  itself  is  now  undergoing — that  is,  becoming 
decomposed  and  removed,  or  passing  from  an  amorphous  state 
into  clear  quartz  prisms." 

17.  Glaciation  of  the  Shetland  Isles  and  the  Orkneys, — Thbi 
subject  has  been  well  studied  by  Messrs.  B.  N.  Peach  and  J. 
Home.  A  paper  by  them  on  the  Shetland  Isles,  published  in  the 
Quarterly  Journal  of  the  Geological  Society  for  1879,  is  referred 
to  on  page  72  of  the  last  volume  of  this  Journal;  and  another,  on 
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)rkDey  Islands,  has  since  appeared  in  the  Quarterly  Joamal 
1880  (pp.  648-663).  In  the  former  it  was  shown,  from  the 
ted  surfaces  and  other  evidence,  that  the  region  of  the  Shet- 
Isles  had  been  glaciated  by  Scandinavian  ice;  and  in  the 
r  also  the  agency  of  the  Scandinavian  ice-movement  is  recog- 
1;  and  the  course. of  movement  in  both  regions  was  mostly 
'een  W.N.  W.  and  N.N.  W.  But  while  the  Scandinavian  glacier- 
(  was  concerned  in  the  ^reat  movement  over  both  regions,  in 
^ase  of  the  Orkneys,  which  are  near  Northern  Scotland,  the 
glaciating  them  came  mainly,  if  not  wholly,  from  Northeastern 
land.  This  is  apparent  from  the  fragments  of  Scottish  rocks, 
5  of  them  fossiliferous,  in  the  Orkney  drift.  The  glacier  of 
them  Scotland  descended  northeastward  over  the  west  part 
he  North  Sea,  and  there  joined  the  great  Scandinavian  mass 
ing  northwestward,  in  the  direction  of  least  resistance.  The 
lors  state  that  there  is  no  evidence  of  marine  drift  deposits  on 
islands ;  and  the  absence  of  marine  shells  from  the  bowlder- 
is  thought  to  ^^  probably  indicate  that  a  portion  of  the  present 
3oor  round  Shetland  formed  dry  land  during  the  climax  of 
ial  cold."  The  facts  are  stated  to  confirm  the  views  advo- 
d  by  Dr.  Croll  more  than  ten  years  since.  Two  maps  illus- 
3  the  recent  article,  one  showing  the  striations  of  the  Orkneys, 
the  other,  the  "  probable  path  of  the  ice,"  from  Scandinavia 
Scotland  over  the  islands  named,  and  beyond  to  the  margin  of 
deep-water  trough  of  the  ocean. 

3.  Queensland  Geology.  Report  on  the  Geology  and  Mineral 
Durces  of  the  district  between  Charters  Towers  Goldfields  and 
Coast ;  by  R.  L.  Jack,  F.G.S.,  Geological  Surveyor  Northern 
^nsland.     Brisbane,  1879. 

d.  Mineral  discoveries  in  Alexander  County^  North  Carolina, 
Ir.  W.  K  Hidden,  who  has  been  engaged  for  some  time  past 
ictive  mineral  exploration  in  Western  North  Carolina,  gives 
following  notes  in  regard  to  minerals  found  in  Alexander 
mty. — Bebtl  occurs  in  green,  yellow,  bluish  and  sometimes 
)rless  crystals.  The  crystals  are  well  terminated  and  often 
hly  modified,  resembling  those  from  Siberia ;  they  are  gener- 
'  implanted  in  cavities.  A  few  fine  crystals  of  a  light  chrome- 
en  have  been  found  loose  in  the  soil  on  the  Warren  plantation. 
^DUMKNE  is  found  on  the  Warren  and  Lyon  plantations  in 
ill  transparent  crystals  of  a  beautiful  green  color,  associated 
h  rutile,  beryl,  orthoclase  and  pyrite  in  a  narrow  vein.  This 
iety  of  spodumene  has  been  called  Iliddenite  by  Dr.  Smith 
i  p.  128).  Rutile  is  found  in  brilliant  crystals,  often  genicu- 
fd,  transparent  and  of  a  beautiful  deep  red  color.  The  best  from 
holland's  mill  and  R.  Johnson^s.  Monazite  in  small  splendent 
stals  occurs  with  rutile  at  Milholland's  mill.  Quartz  occurs 
nany  localities  and  in  great  variety  of  form  and  color,  some  of 
crystals  very  beautiful.  They  are  often  highly  complex,  and 
k  with  the  most  interesting  of  those  from  Switzerland.  Many 
the  crystals  enclose  other  minerals,  such  as  chlorite,  asbestus, 
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rutile,  tourmaline,  spodumene,  and  siderite.  Other  crystals  con- 
tain fluid  cavities.  Orthoclase  occurs  in  lar^e  well-formed 
crystals  (one  weighed  40  lbs.)  on  the  Price  and  Keever  lands  in 
a  coarse  granitic  vein,  associated  with  beryl,  tourmaline,  colum- 
bite,  autunite,  mica.  Tourmaline  in  fine  brown-black  crystab 
are  found  in  the  Pnce  mine,  also  brilliant  black  crystals  at  B. 
Lyon's.  In  addition  to  the  minerals  already  named,  graphite, 
sphene,  magnetite  also  occftr  in  the  county. 

20.  Analysis  of  Jarosiie  from  the  Vulture  mine^  Arizona;  by 
S.F.Pknfikld.  (Communicated). — 'ITie  occurrence  of  jarosite  with 
gold  in  the  Vulture  mine,  Arizona,  has  been  mentioned  by  Prrf 
B.  Silliman  (this  Journal,  xviii,  73,  1870).  The  variety  analyied 
is  found  in  minute  transparent  crystals  of  a  brownish-yellow  color. 
It  forms  a  frosted  coating  on  cellular  quaitz,  giving  to  the  speci* 
men  a  somewhat  rusty  look  ;  under  the  microscope,  however,  the 
coating  is  resolved  into  distinct  individual  crystals,  delicately 
grouped  together.  The  crystals  are  tabular  in  habit,  being  a  com- 
bination of  the  basal  and  rhombohedral  planes;  the  angle  of  Oa,E 
was  measured  approximately  and  the  result  agreed  with  that 
already  accepted  (124^°). 

The  mineral  is  slightly  soluble  in  water,  the  solution  giving  t 
reaction  for  sulphuric  acid  but  not  for  iron.  An  analysis  on  ma* 
terial  free  from  impurity  except  a  little  quartz,  gave : — 

SO,        FeaOa       K,0      Na,0        H«0      Quartt 
Sp.  gravity =309.  3042        4827        S-63        0*28        12-91         l-OS=101-4> 

The  calculated  ratio  for  SO, :  JlejO, :  KaO(NaaO):  HaO=4:  3*18 :  0  99 :  7-56. 

The  water  determination   is  probably  slightly  in   error;  if  the 
amount  be  determined  by  difference  (=:11'42),  the  result  diffen 
but  little  from  the  ratio  required  by  the  formula  K,SO^+Fe,lS,0 
+2H,Fe,0.. 

21.  Jarosite  from  Colorado, — Dr.  G.  A.  Konig  has  recently  de- 
scribed jarosite  from  the  Iron  Arrow  Mine,  Chaffee  Co.,  Colorada 
It  occurs  in  seams  and  cavities  in  a  siliceous  turgite  and  hematite. 
It  is  found  in  minute  brilliant  crystals  (R  with  0)  isolated,  also  in 
groups  and  in  crystalline  crusts.  The  crystals  are  transparent, 
varying  in  color  from  a  light  amber-yellow  to  dark  brown ;  ^e 
luster  on  the  faces  is  adamantine,  on  the  fracture  resinous.  Spe- 
cific gravity  =3'144.     An  analysis  afforded 

SOs         Fe.Oa  K,0        Na,0         H,0  SiO, 

28-57         6110  7  13  084         1056  240         =100-80 

Rejecting  the  silica  as  an  impurity,  also  8*7  p.  c.  turgite  (Fe^H,0^), 
the  remainder  is  foutid  to  correspond  to  89'6  p.  c.  of  jarwite 
(K,Fe,S,0„+Gaq=K,80,+Fe,S,0  +2H.Fe,0J  with  -4  p. c. water 
in  excess. — Proc,  Arad.  Nat.  JSci.  P/u'lad,^  1880,  p.  331. 

22.  Octahedrite  from  Burk§  County^  North  Carolina;  by  \V. 
E.  Hidden  (from  a  letter  dated  Stony  Point,  N.  C,  Dec.  17, 1880). 
— This  rare  mineral  was  found  by  the  writer  in  the  auriferous 
gravels  of  Hrindlelown  in  the  summer  of  1879.  Subsequent 
search  in  the  vicinity  has  proved  its  distribution  through  all  the 
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gold  placers  of  the  surrounding  country.  Its  best  locality  is  on 
the  northern  slope  of  the  P^lot  Mountain,  especially  at  the  mine 
of  Capt.  J.  C.  MUls. 

The  crystals  are  commonly  tabular  in  form,  consisting  of  the 
planes  1  and  O,  though  crystals  have  also  been  observed  of  the 
common  octahedral  habit.     Some  few  were  highly  modified.     The 

S lanes  are  as  a  rule  splendent  excepting  the  basal  plane  which  is 
nil  and  striated  parallel  to  1  and  1-t.  The  prismatic  (i )  cleav- 
age can  often  be  seen.  The  crystals  are  well  preserved  and  unu- 
sually large,  some  measuring  one-third  of  an  inch  across ;  they 
ayerage  a  line  in  thickness.  Color  from  greenish-yellow  to  black. 
Some  few  are  quite  colorless  and  transparent  and  would  admit  of 
polariscopic  examination.  In  only  one  case  were  they  found  im- 
planted and  that  was  on  quartz.  They  occur  loose  in  the  gravel, 
oaTing  been  derived  from  the  disintegration  of  the  local  schists. 
The  accompanying  minerals  are  monazite,  xenotime,  fergusonite, 
Hunarskite,  zircon,  brookite  and  thirty-five  other  distinct  mineral 
species. 

23.  On  Urano-thorite. — Professor  Peter  Collier  has  described 
a  mineral  from  the  Champlain  iron  region  (exact  locality  un- 
kiowii),  which  is  closely  related  to  thorite  (orangite),  but  differs 
in  containing  considerably  more  uranium.  It  has  a  dark  red- 
brown  color,  a  resinous  or  sub-vitreous  luster,  yellow-brown 
streak  and  sub-conch oidal  fracture.  Hardness  about  5  ;  specific 
gravity  =4'126.  It  is  infusible  before  the  blowpipe.  An  analy- 
sis yielded : — 

SO,     ThO,      U,Oa    Fe,Oa    AUO,     PbO      CaO      MgO     NaaO     HjO 

19-38      62-07       9-96       4-01       033       040       234       004       Oil      ll-31  =  99-95 

The  name  given  to  the  mineral  has  reference  to  the  large 
amount  of  uranium  present;  thorite  contains  1*6  p.  c,  according 
to  Berzelius. — Journal  Amer.  Chem.  Sac,  vol.  ii. 

24.  Mineralojia  por  Ignacio  Domeyko,  Profesor  de  Quimica  i 
Mineralojia  en  la  Universidad  de  Santiago  de  Chile.     Third  edi- 
tion.   762  pp.  with  6  plates.    Santiago,  1 879. — The  preceding  edi- 
tion (2d)  of  the  valuable  Mineralogy  of  Prof.  Domeyko  was  issued 
in  1860.     Since  that  time  he  has  published   five  Appendixes   to 
this  work,  in  addition  to  numerous  articles  printed  in  different 
scientific  journals.     It  is  consequently  a  great   convenience  to 
mineralogists  to  have  this  new  edition,  in  which  the  large  num- 
ber of  new  facts,  due  mostly  to  labors  of  the  author  himself,  are 
iDcorporated.     The  minerals  of  Chili  and  the  neighboring  repub- 
lics are  in  many  cases  of  peculiar  interest,  and  for  our  knowledge 
of  tbem  we  are  indebted  almost  entirely  to  Professor  Domeyko, 
whose  unwearying  and  most  successful  activity  in  investigation, 
far  removed  as  he  is  from  the  scientific  centers  of  the  world,  is 
worthy  of  high  praise. 

25.  Ixis  £!species  Miner  ales  de  la  Bepublica  Argeuthia  por  el 
Dr.  D.  Luis  Brackebusch.  117  pp.  vSvo.  Buenos  Aires,  1879. 
—Dr.  Brackebusch  has  rendered  an  important  service  to  science 
in  publishing  in  compact  form  a  description  of  the  minerals  of  tlie 
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Argentine  Republic.  Under  each  name  is  given  a  description  of 
the  specie^,  and  a  full  list  of  localities  with  'the  associated  mine- 
rals at  each.  The  fact  that  much  of  the  matter  has  either  not 
been  published  before,  or,  if  at  all,  in  periodicals  not  generally 
accessible,  makes  the  book  a  valuable  one  to  all  interested  in  min- 
eralogy, and  gives  it  more  than  a  local  interest. 

26.  Zoology /or  Sigh  Schools  and  Colleges;  by  A.  S.  Packabd, 
Jb.     Second  edition,    revised.     New  York :  Henry  Holt  A  Co. 
1880. — In    this   edition,   many  improvements  have   been  intro- 
duced, and  some  errors  contained  in  the  first  edition  have  been 
corrected.      The   objectionable  figures  of  the    brains  of  fishes 
and  of  the  anatomy  of  the  cat  have  been  replaced  by  naiw  and 
better  figures,  drawn  by  Dr.  C.  S.  Minot.     The  total  number  ii 
cuts  is  475,  most  of  which  fairly  represent  the  objects  for  which 
they  were  intended,  but  there  are  still  remaining  some  that  were 
very  badly  engraved  and  others  that  were  evidently  badly  drawn, 
and  which  mis^ht  well  have  shared  the  fate  of  those  that  ht?e 
been  discarded.  v. 


III.   Astronomy. 

1.    On  the  Figure  of  the  Planet  Mars  and  its  accordance  loUh 
the  hypothesis  of  the  former  fluidity  of  the  planet;  by  Professor 
Hennessy,  (C.  Rend.,  June,   1880). — Professor   Hennessy  here 
gives  a  calculation  of  the  polar  depression  in  Mars,  supposing  it  to 
have  been  a  result  of  rotation  during  a  condition  of  fluidity.    As-     i 
suming  that  the  mass  is  distributed  in  spheroids  of  equal  density^ 
the  density  increasing  from  the  surface  to  the  center,  and  that  the 
ellipticity  depends  on  this  law  and  the  period  of  rotation  of  th^^ 
planet,  he  arrives  at  the  value 

_      1 

^""227-61 

which  he  says  is  very  near  the  result  obtained  in  the  carefi^^ 
observations  of  Professor  C.  A.  Young,*  namely, 

_    1 

^~219' 

Professor  Hennessy  also  calculates  the  polar  depression  sup-^ 
posing  it  to  be  a  result  of  erosion  by  a  liquid  moving  over  th^ 
surface  of  the  planet,  and  obtains 

^  ~  179-24' 

which  he  observes  is  sensibly  larger  than  the  results  of  the  besP^ 
measurements.  He  states,  therefore,  that  Young's  result  much^ 
better  accords  witli  the  hypothesis  of  the  former  fluidity  of  th^ 
planet  than  with  that  of  a  shaping  by  erosion  ;  and  that  this  corr^^ 
spends  with  the  parallel  fact  as  regards  the  earth. 

*  This  Journal,  xviii,  206,  March,  1880. 
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IV.  Miscellaneous  Scientific  Intelligence. 

1.  Ocean  temperatures  in  the  Arctic — Observations  taken  on  the 
8.   S,    GhilnarCy  by  O.  T.  SnERMAN.-r-The  following  observations 
were  taken  on  the  Arctic  S.  S.  Galnare,  during  the  summer  of 
"1880.     A  Miller-Cassella  thermometer  was  employed ;   its  scale 
errors,  carefully  obtained,  have  in  each  case  been  applied.     The 
steamer,  at  the  time  of  making  the  observations,  lay  becalmed. 
If    we    refer   to    the    older    maps  we   see    that    on    some  the 
warm  waters  which  render  the  west  coast  of  Greenland  habitable 
are  connected  with  the  Arctic  current  which  renders  the  east 
eoast  barren.     On  others  the  warm  current  is  shown  at  once  as  a 
branch  of  the  Gulf  Stream.     On  the  newer  German  maps  the 
currents  are  shown  overlapping  in  about  latitude  61°  N.     The 
following  table  serves  to  give  confirmation  to  this  latter  repre- 
sentation, and  also  indicates  the  limits  and  depth. 

Table  I. — Detp  Sea  Temperatures.  . 


I)«pth  In 
fathomt. 

Lat.  9Kr  6'  N. 

Lat.  ST"  38' N. 

Long.  56«  86'  W. 

Long.  W  15'  W 

0 

4r-9  F. 

45**0  F. 

10 

41-8 



20 

400 



30 



450 

60 

39-o' 

400 

90 

w    «    «    « 

390 

110 

38-8 



160 

38-2 

400 

270 

40-8 



300 

40-8 

The  sudden  rise  in  temperature  at  the  lowest  depths  naturally 
caused  some  surprise  to  the  observer,  and  was  therefore  measured 
three  times.  These  observations  may  also  in  part  explain  the 
bend  in  the  curve  representing  the  limit  of  ice. 

Phenomena  of  some  rarity  in  the  surface  temperatures  and 
densities  were  also  observed  by  us.  When  passing  in  front  of  a 
glacier  outlet,  or  across  the  track  of  the  ice  pack,  we  suddenly 
entered  a  body  of  water  much  colder  and  fresher  than  that  sur- 
rounding it.  The  ice  in  each  case  readily  suggested  an  explana- 
tion. Our  interest  was  more  excited  at  the  depth  of  the  freshened 
water,  for  the  engineer  found  independently  the  same  changes  of 
density  in  the  water  he  took  into  the  boiler  about  ten  feet  below 
the  surface.  On  one  occasion  we  had  to  sink  a  thermometer  ten 
fathoms  before  obtaining  indications  of  a  rise  in  temperature. 

It  is  true  that  the  outcropping  of  the  Arctic  current  would  give 
similar  phenomena,  but  to  one  on  the  spot  the  change  was  always 
seen  to  be  connected  with  the  melting  of  the  ice. 
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Tablb  II. — August  4,  1880. 


Position. 


Cape  Desolation 
sighted  abeanif 


Latitude  61°  27', 


Hour. 

6 
6 
7 
8 
9 

10 
11 
12 

1 

2 

3 

4 


2 
3 
4 
6 

7 


Surface 
Temperatare. 

44°0 

4^0 

460 

36-6 

36-0 

IV'b 
360 
360 
370 
420 

42  0 

43  0 


DensitT 

Hydrometer, 

■cale  leading. 

4°0=1-027316 
4-0 =1-027383 
40=1027383 
2-6=1016492 
2-8=1018644 

30=1026o64 
2-8=1018644 
3-2=1021621 
2-8= 1018627 
2-8=1018662 
30=1020091 
30=1020107 


Bemarki 


1 


A  deep-aea  tl 
momefeer  si 
10  fathom 
read  4O'-0. 


Lat.  63°  N.,  long.  61°, 


4 
6 
6 


August  6,  1880. 

44-°  30=1-020122 

44-  3-0=1-020122 

36-  2-6=1-016486 

37-  30=1-020068 
37-8  2-8=1-018608 

Aug.  6,  1880. 
38-0  40=1-027246 

37-6  4-0=1-027240 

380  40=1-027246 


Opposite  gbK 
about  30  n 
off  ShOTBL 


2.  International  Mcposition  of  Electricity^  under  the  patr 
age  of  the  French  Govern  went  at  Paris  ^  in  1881. — An  Inter 
tional  Exposition  for  the  conference  of  electricians  and  the  exhi 
tion  of  all  kinds  of  electrical  apparatus,  practical  and  theoretic 
will  be  opened  at  Paris  on  the  Ist  of  August  next,  and  closed 
the  16th  of  November.  The  exposition  is  put  under  the  depj 
ment  of  the  Minister  of  the  Post  Office  ana  Telegraphy,  M.  l 
Cecil  ERY,  and  under  the  special  superintendence  of  il.  Geor( 
Brroer  as  Commissary  General.  The  Palais  des  Champs  Elyi 
is  assigned  for  the  exhibition.  Announcements  as  to  the  appi 
tus  and  materials  to  be  put  on  exhibition  by  individuals,  and 
to  the  space  desired,  should  be  made  to  the  Commissary  Geu< 
by  the  3 Ist  of  March,  who  will  send  forms  for  their  admission 
being  applied  to,  and  special  labels  for  packages,  and  will  no 
contributors  by  the  15th  of  May  with  respect  to  the  space  allot 
them.  Packages  will  be  received  at  the  grounds  of  the  Pa 
des  Champs  Elys^es  on  and  after  July  1st.  They  should 
addressed  Commissaire  General  de  PExposition  intemcUioi 
d^Electricite^  au  Palais  des  Champs  JSlysees,  parte  No,  IV. 
charge  will  be  made  for  the  space  given.  Motive  power  will 
furnished  at  a  low  price  to  such  as  desire  it,  but  without  chs 
for  all  necessary  experiments.  The  articles  for  exhibition 
comprise : 

Apparatus  for  the  production  and  transmission  of  electric 
Native  and  artificial  magnets  and  magnetic  needles.  Appan 
for  the  study  of  electricity. 

Apparatus  for  its  various  applications ;  for  telegraphy  and 
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transmission  of  sound ;  for  the  production  of  beat ;  for  illumina- 
tion and  uses  in  light-houses  and  signals ;  for  mines,  railroads  and 
navigation  ;  for  military  purposes  ;  for  the  fine  arts  ;  in  galvano- 
plastv,  electro-chemistry  and  the  chemical  arts ;  for  the  produc- 
tion and  transmission  of  motive  power ;  in  horology ;  in  medicine 
and  surgery ;  in  astronomy,  meteorology  and  geodesy ;  m  agri- 
culture ;  for  registerins:  purposes ;  for  working  various  kinds  of 
industrial  machines,  and  for  domestic  uses. 

Lightning  rods.  Collections  of  apparatus  illustrating  the  his- 
tory of  the  subject  and  its  applications  from  the  earliest  times. 
Collections  of  books  and  memoirs  pertaining  to  the  science  and  to 
electrical  industry. 

In  connection  with  the  exposition,  an  International  Congress  of 
Electricians  will  be  opened  on  the  15th  of  September,  under  the 
presidency  of  Minister  Ad.  Cochkry. 

3.  A  History  of  the  Jetties  cU  the  Mouth  of  the  Mississippi 
River ;  by  E.  L.  Corthell,  C.E.,  Chief  Assistant  and  resident 
tEogineer  during  their  construction.     883  pp.  8vo,  with  numerous 
^ates  and   maps.     New  York :  1880.     (John  Wiley  &  Sons). — 
This  volume  gives  a  detailed  history  of  the  construction  of  the 
Mississippi  jetties  by  Mr.  James  B.  Eads,  from  the  time  when 
this  plan  was  first  proposed  until  its  final  completion.    The  account 
is  written  in  popular  style,  and  will  be  read  with  interest  even  by 
those  who  have  no  knowledge  of  the  scientific  problems  involved 
io  the  work.     The  excellence  of  the  scheme  as  a  whole  has  been 
proved  by  the  success  finally  attained,  and  the  perseverance  and 
enterprise  with  which  it  was  carried  forward  in  the  face  of  dis- 
couragements and  difficulties  of  all  kinds  are  deserving  of  high 
commendation.      The  position  of  Mr.  Corthell  as  chief  assistant 
and  resident  engineer  has  given  him  a  minute  and  personal  knowl- 
edge of  the  many  details  in  the  progress  of  construction  of  the 
jetties,  and  much  of  the  interest  of  the  book  is  due  to  this  fact. 
Numerous  charts  and  plates  show  among  other  things  the  succes- 
sive steps  in  progress  of  the  work,  and  the  corresponding  results 
attained  in  the  deepening  of  the  river  channel.     A  portrait  of 
Mr.  Eads,  to  whom  the  success  of  the  plan  is  most  of  all  due, 
forms  a  frontispiece  to  the  volume. 

OBITUARY. 

An  announcement  of  the  death  of  M.  Chasles  appeared  in  the 
January  number  of  this  Journal.  It  occurred  on  the  1 8th  of 
December  last,  in  his  88th  year,  he  having  been  bom  on  the  15th 
of  November,  1793.  It  is  nearly  seventy  years  since  the  first 
poblication  of  the  distinguished  geometer  appeared  in  Hachette's 
Correspondence ;  and  his  scientific  activity  has  continued  into 
the  last  year  of  his  long  life. 

The  larger  works  of  M.  Chasles  are  five  in  number :  AperpK 
Historique  sur  V  Origiue  et  le  Developpeynettt  des  Mkthodes  en 
Q-eofnetrie^  Traite  de  GeomUrie  tSuperieure,  Traite  des  Sectioyis 
ConigueSy  Les  trois  livres  des  Porismes  d^Euclid^  and  Rapport  sur 
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le  Progrhs  de  la  Geomitrie  en  France,  Besides  these,  however, 
there  are  between  two  and  three  hundred  of  his  memoirs  in  the 
Academic  publications  and  scientific  journals. 

His  demonstrations  were  remarkable  for  their  neatness  and  per- 
fection of  form.  In  geometry  this  quality  is  all  important 
Shortly  after  his  appointment  as  Professor  of  Higher  Geometry  in 
the  Faculty  of  Sciences  at  Paris,  he  published  his  Traiti  de' 
Giometrie  Superieure.  This  was  some  years  later  followed  by  hig 
TVaite  des  Sections  Coniques,  In  these  volumes,  as  well  as  in  bis 
memoirs,  M.  Chasles  uses  in  his  demonstrations,  three  conceptioDg 
in  addition  to  those  of  Euclid,  the  anhamionic  function  of  four 
pointSy  homographic  divisions^  and  involution  of  six  points.  By 
these  conceptions  he  introduces  many  of  the  advantages  of  ana- 
lytic geometry  into  what  will  probably  still  be  regarded  as  syn- 
thetic geometry.  If  asked  what  is  the  real  addition  thus  made 
to  Euclid  we  might  answer :  Ist,  the  conception  of  plus  and  minus 
segments  of  lines,  and,  2d,  the  use  implicitly  of  the  relations  of  the 
roots  and  coefficients  of  the  equation  of  the  second  degree.  Tha^ 
is,  he  added  to  synthetic  geometry  the  resources  of  the  algebra 
of  simple  and  quadratic  equations.  With  the  skill  of  a  master  he 
wrought  into  formal  and  logical  connection  the  theorems  that 
have  enriched  geometry  in  these  later  years,  adding  everywhere 
new  propositions  and  new  chapters  of  his  own  to  the  science. 

Rarely  has  there  lived  a  man  more  steadfast  in  his  devotion  to 
one  object  through  life,  more  simple  in  character  and  aims,  more 
charming  in  social  intercourse,  more  honored  and  beloved  by  all 
who  had  the  good  fortune  to  know  him.  e.  a.  x. 


First  Annual  Report  of  tho  Department  of  Statistics  and  Geology  of  the  Stite 
of  Indiana.  614  pp.  8yo,  Indianapolis,  1879.  Devoted  to  State  Statistics,  Agri* 
cultural,  Social,  Vital,  etc. 

Annual  Report  of  the  Curator  of  the  Museum  of  Comparative  Zoology  it 
Harvard  College  to  the  President  and  FeUows  of  Harvard  College  for  1879-80. 

Thirty-fifth  Annual  Repoit  of  the  Director  of  the  Astronomical  Observatory  of 
Harvard  Collefi:o ;  presented  to  the  Visiting  Committee,  December  6,  1880,  bj 
Edward  C.  Pickering. 

James  Smithson  and  his  Bequest,  by  William  J.  Rhees.  159  pp.  8vo,  Wash- 
ington, 1880.  (Smithsonian  Miscellaneous  Collections,  330).  This  volume  coo* 
tains  a  sketch  of  the  life  of  James  Smithson,  a  list  of  his  writings,  notices  of 
his  death  and  tributes  to  his  memory ;  it  also  gives  a  statement  in  regard  to 
the  founding  of  the  Smithsonian  Institution  by  his  bequest. 

Introduction  to  the  Study  of  Indian  Languages  with  words,  phrases  acd  sen- 
tences, to  be  collected  by  J.  W.  Powell.  4to,  with  several  charts.  Washington, 
1880.  This  volume  is  intended  to  aid  those  engaged  in  collecting  linguistic  aod 
ethnographic  facts  from  the  Indian  tribes.  After  a  chapter  on  the  alphabet,  and 
another  of  "hints  and  explanations,"  occupying  together  about  76  pages,  there 
are  1 50  pages  of  schedules,  for  use  in  taking  notes,  containing,  in  a  marginal 
column,  lists  of  objects  and  sentences,  with  broad  blank  columns  for  the  corre- 
sponding Indian  terms  and  additional  remarks. 
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Art.  XIX. — Principal  Characters  of  American  Jurassic  Dino- 
saurs ;  by  O.  C.  Marsh.  Part  IV.  ISpinal  Cord,  Pelvis,  and 
Limbs  of  Siegosaurxis,     With  three  Plates. 

In  a  previous  article,*  the  writer  brought  together  the  more 
important  facts  then  known  in  regard  to  the  Siegosauria,  one  of 
the  most  singular  groups  of  extinct  reptiles  hitherto  discovered. 
In  the  present  communication  some  additional  characters  of 
these  animals  are  recorded,  even  more  remarkable  than  those 
previously  brought  to  light 

The  Brain  and  Spinal  Cord. 

In  the  article  cited  above  the  brain-cast  of  Stegosaurus  ungu- 
htus  was  described  and  figured,  and  it  was  shown  that  this 
reptile  had  the  smallest  brain  of  any  known  land  vertebrate. 
The  general  form  and  comparative  size  of  the  brain  in  this 
reptile  is  represented  in  Plate  VI,  figures  1  and  2. 

During  a  subsequent  investigation  of  another  individual  of 
the  same  genus,  the  writer  found  a  very  large  chamber  in  the 
sacrum,  formed  by  an  enlargement  of  the  spinal  canal.  This 
chamber  was  ovate  in  form,  and  strongly  resembled  the  brain 
ease  in  the  skull,  although  very  much  larger,  being  at  least  ten 
times  the  size  of  the  cavity  which  contained  the  brain.  This 
remarkable  feature  led  to  the  examination  of  the  sacra  of  sev- 
eral other  individuals  of  Stegosaurus,  and  it  was  found  that  all 
had  a  similar  large  chamber  in  the  same  position.  The  form 
and  proportions  of  this  cavity  are  indicated  in  Plate  VI,  fig- 
ures 3  and  4,  which  represent  a  cast  of  the  entire  neural  canal 
enclosed  in  the  sacrum.  The  large  vaulted  chamber,  it  will 
be  observed,  is  mainly  contained  in  the  first  and  second  sacral 
vertebrae,  although  the  canal  is  considerably  enlarged  behind 
this  cavity.  The  sections  represented  in  figure  5  are  in  each 
case  made  where  the  transverse  diameters  are  greatest. 

♦  This  Journal,  vol.  xix,  p.  253,  March,  1880. 
11a 
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The  remarkable  feature  about  this  posterior  brain-case,  if  so 
it  may  be  called,  is  its  size,  in  comparison  with  that  of  the  true 
brain  of  the  animal,  and  in  this  respect  it  is  entirely  without  a 
parallel.  A  perceptible  swelling  in  the  spinal  cord  of  various 
recent  animals  has  indeed  been  observed  in  the  pectoral  and 
pelvic  regions,  where  the  nerves  are  given  off  for  the  anterior 
and  posterior  limbs ;  and  in  extinct  forms  some  very  notice- 
able cases  are  recorded,  especially  in  Dinosaurs,  but  nothing 
that  approaches  the  sacral  enlargement  in  Stegosaurus  has 
hitherto  been  known.  The  explanation  may  doubtless  in  part 
be  found  in  the  great  development  of  the  posterior  limbs  in 
this  genus  ;  but  in  some  allied  forms,  Camptonoius  for  example, 
where  the  disproportion  between  the  fore  and  hind  limbs  is 
nearly  as  marked,  the  sacral  enlargement  of  the  spinal  cord  is 
not  one-fourth  as  great  as  in  Stegosaurus. 

It  is  an  interesting  fact  then  in  young  individuals  of  Stego- 
saurus the  sacral  cavity  is  proportionately  larger  than  in  adults, 
which  corresponds  to  a  well  known  law  of  brain  growth. 

The  physiological  effects  of  a  posterior  nervous  center,  so 
many  times  larger  than  the  brain  itself  is  a  suggestive  subject, 
which  need  not  here  be  discussed.  It  is  evident,  however,  that 
in  an  animal  so  endowed,  the  posterior  part  was  dominant* 

Thb  Pelvic  Abch. 

The  true  sacrum  of  Stegosaurus  is  composed  of  four  well 
codssitied  vertebrae.  In  fully  adult  animals  the  pelvic  arch 
may  be  strengthened  by  the  addition  of  one  or  more  lumbar 
vertebrae,  as  in  the  specimen  figured  in  Plate  VII,  where  two 
are  firmly  consolidated  with  the  sacrum.  The  centra  of  the 
sacral  vertebra)  are  solid,  like  tbeothera  in  the  column.  Their 
neural  arches  are  especially  massive,  and  the  spines  have  high 
and  expanded  summits.  The  transverse  processes  of  the  sacral 
vertebrse  are  stout  vertical  plates,  which  curve  downward 
below,  and  unite  to  meet  the  ilia.  Each  vertebra  supports  its 
own  process,  although  there  is  a  tendency  to  overlap  m  front 
There  is  a  gradual  increase  in  size  from  the  first  to  the  last 
sacral  vertebra,  ar\d  the  first  caudal  is  larger  than  the  last 
sacral. 

The  ilium  in  Steyosaurus  is  a  very  peculiar  bone,  unlike  any 
hitherto  known  in  the  Reptiles.  Its  most  prominent  feature 
is  its  great  anterior  extension  in  front  of  the  acetabulum. 
Another  striking  character  is  seen  in  its  superior  crest,  which 
curves  inward,  and  firmly  unites  with  the  neural  arches  of  the 
sacrum,  thus  roofing  over  the  cavities  between  the  transverse 
processes.     The  acetabular  portion  of  the  ilium  is  large  and 

*  The  main  facts  here  presented  were  communicated  to  the  National  Academj 
of  Sciences,  in  a  paper  read  at  the  New  York  meeting  in  November  last 
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w  (Plate  VII,  figure  1,  ac)  The  face  for  union  with  the 
n  is  large  and  rugose,  but  that  for  the  pubis  is  much  less 
t  The  post-acetabular  part  of  the  ilium  is  very  short, 
y  one-third  as  long  as  the  anterior  projection, 
ischium  of  SUgosaurus  ungulatus  was  figurcl  and  de- 
1  in  the  communication  already  cited.  It  is  short  and 
,  and  has  a  prominent  elevation  on  the  upper  margin  of 
aft  (Plate  VlII,  figure  2).  Its  larger  articular  face  meets 
-acetabular  process  of  the  ilium,  and  a  smaller  articula- 
Dins  the  pubis.  The  shaft  of  the  ischium  is  twisted  so 
i  resembles  somewhat  the  corresponding  bone  of  Moro- 

• 

pubic  element  of  the  pelvis  of  Stegosaurus  ungulatus  is 
eral  form  somewhat  like  that  of  Oamptonotus,  The  true 
consists  of  a  strong  spatulate  process,  projecting  forward 
horizontally.  (Plate  VlII,  figure  2,  p.)  Its  proximal  end 
ates  with  the  pre-acetabular  process  of  the  ilium.  The 
abic  branch  extends  backward  and  downward,  nearly  to 
d  of  the  ischium.  The  two  bones  fit  closely  together 
3  region.  The  usual  pubic  foramen  is  in  this  species 
3d  by  a  notch,  opening  into  the  acetabular  cavity.  In  a 
r  undescribed  species,  which  may  be  called  Stegosaurus 

the  post-pubic  bone  is  slender  and  more  rod-like,  not 
ed,  as  in  the  specimen  here  figured. 

The  Hind  Limb. 

large  bones  of  the  leg  of  Stegosaurus  ungulatus  have 
y  been  figured,  and  their  main  characters  described.     The 

is  remarkably  long,  and  without  a  third  trochanter.  The 
Dn  the  other  hand,  is  very  short.  When  the  animal  stood 
,  these  two  bones  of  the  leg  were  nearly  in  the  same  line, 
»wn  in  Plate  VIII,  figure  2.  The  fibula  is  slender,  and 
3  larger  end  below. 

astragalus  is  firmly  coossified  with  the  tibia,  and  the 
eum  is  also  united,  but  less  securely.  There  are  three 
in  the  distal  row  of  tarsals.  (Plate  VIII,  figure  2.)  The 
1  the  inner  side  is  massive,  and  semi-circular  in  transverse 
d.  The  median  tarsal  is  still  larger,  while  the  outer  one 
te  small.     There  are  five   well    developed    metatarsals, 

are  of  moderate  length,  and  robust  proportions.  The 
igit  is  terminated  by  a  strong,  broad,  ungual  phalanx, 
•gest  of  the  series.  The  second,  third  and  fourth  digits 
ave  similar  phalanges  of  smaller  size.  The  outer  digit 
ly  a  tubercle  at  its  extremity.  The  number  of  phalanges 
fourth  and  fifth  digits  has  not  been  exactly  determined, 
ey  were  less  than  the  usual  number. 
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Thb  Fore  Limb. 

The  principal  bones  in  the  scapular  arch  and  fore  le 
SUgosaurus  were  described  and  figured  in  the  article  air 
cited.  In  Plate  VIII,  figure  1,  these  are  brought  together, 
the  fore  foot  added  in  its  natural  position.  The  humerus 
bones  of  the  fore  arm  show  clearly  that  this  limb,  althc 
very  small  in  proportion  to  the  hind  leg,  was  very  powe 
and  as  it  admitted  of  considerable  rotation,  it  was  aoub 
used  mainly  for  other  purposes  than  locomotion.  The 
here  represented  was  found  by  the  writer,  with  the  b 
nearly  in  the  position  indicated.  There  are  only  three  c£ 
bones  in  the  proximal  series,  and  in  this  foot  the  distal  segi 
of  the  carpus  remained  unossified.  There  are  five  digits, 
fifth  being  the  smallest. 

The  great  disproportion  in  size  between  the  fore  and  1 
limbs,  as  well  as  the  structure  of  the  principal  joints  in  e 
show  plainly  that  Siegosaurus  walked  mainly  as  a  biped, 
massiye  postenor  limbs,  and  the  huge  tail  doubtless  form( 
tripod  on  which  the  animal  rested  at  times,  while  the 
limbs  were  used  for  prehension,  or  defense.     The  heavy 
mal  plates  and  powerful  spines  probably  rendered  the  Is 
an  easy  task. 

Yale  College,  New  Haven,  Jan.  24th,  1881. 
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Fipire  1.— Brain-C88l  of  So^osi 

torr  lobes;  c,  cerebral  bemispberCB ;  op,  optic  lobes;  on 
th.  cerebellum ;  m,  medulla. 

T^wK  I.— .Same  br.iiti-cast,  soon  frnm  above. 

>'i>rure  3.— Cast  of  neural  cavity  in  sncnim  of  Slfgosaunu  u 
view;  a.  luiterior  enil ;  /,  foramen  b«tweeD  Hrat  and  iiec 
/',  same  between  second  and  third  vcrlebne;  /',  same 
and  last  verlcbrie  ;  p,  exit  of  tieiinil  oanal  in  last  sacral  ve 

Fipre  4. — Same  cast  seen  from  al>ove. 

I'lpire  ». — Outlines  representing  transverse  sections  through  si 
sacral  oivit/;  6,  brain  ;   »,  sacral  cavity, 
.til  the  figures  are  one -fourth  natural  size. 
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ure  1. — Sacrum  and  ilia  of  Slfgosauria  utigulntus.  Marsh,  aeeu  from  below. 

of  samo ;  p.  laHt  sacral  vertebra  ;  e,  transverite  process  of  same ;  I,  eecood 
lumbar  Tertebra  from  sacrum:  I',  lumbar  vertebra  iioit  to  sacrum;  if, 
iliMin ;  oc,  aeetabuluui. 
■ire  i. — Aoterior  cniidal  vertebra  of  .^goaauria  tingulalnii,  side  view;  one- 
eighth  natural  Eize. 
rure  3. — Same  vertobra,  front  view;  e.  neural  spine;  z,  anterior  zyga- 
popbjBiB;  l",  poHterior  zygapnpliyflis ;  p.  Iranavente  process;  n,  nenrsil 
canal;  c,  Tace  for  chevron. 
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Fipin  I. — B0UC8  o[  left  Tore  leg  of  FlegoKOtrui  ungtUatus,  Marsh;  1,  ecspula; 

c.  (nracoid;  h,  humerus;  r,  mdiun;  a,  ulna;  /.  Hret  digit;    1^  fifth  digit. 

Fi^ira  1. — BoneB  or  left  hind  le([  of  J:^tego»atinui  ungvlalut;  il,  ilium;   u, 

ischium;  p,  pubik;  p',  postpubis;  /,  femur;  t,  tibia;  /',  fibula;  a,  as- 

tragalua;  c,  calcfitieum:  /.  first  ilijc't;    K,  Bfth  digit. 

B«Ui  flguree  are  ODe-sixleeoth  natural  dze. 
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Vrt.  XX. — On  the  Phospkorograph  of  a  Solar  Spectrum,  and 
on  the  Lines  of  its  Infra-red  Region;*  by  JOHN  William 
Draper,  M.D.,  Professor  of  Chemistry  in  the  University  of 
New  York. 

I  PROPOSE  in  this  communication  to  consider :  1.  The  pecu- 
arities  of  a  phosphorograph  of  the  solar  spectrum  as  compared 
rith  a  photograph  of  the  same  object ;  2.  The  antagonization 
f  effect  of  rays  of  higher  by  those  of  lower  refrangibility. 

There  is  a  striking  resemblance  between  a  photograph  of 
lat  spectrum  taken  on  iodide  of  silver  and  a  phosphorograph 
iken  on  luminous  paint,  and  other  phosphorescent  prepara- 
ons.    There  are  also  differences. 

I.  Description  op  the  Photographic  Spectrum. 

In  1842,  I  obtained  some  very  fine  impressions  of  the  first 
ind(on  iodide  of  silver),  and  described  them  in  the  "Philo- 
>phical  Magazine'*  (November,  1842),  and  again  in  February, 
847.  One  of  these  was  made  the  subject  of  an  elaborate 
xaraination  by  Sir  J.  Herschel.  His  description  and  explana- 
ory  views  of  it  may  be  found  in  that  Journal,  February,  1843. 

From  these  it  appears  tjiat  such  a  photograph,  taken  in  pres- 
nee  of  a  weak  extraneous  light,  may  be  considered  as  presenting 
hree  regions.  1.  A  middle  one  extending  from  the  boundary 
)f  the  blue  and  green  to  a  little  beyond  the  violet;  in  this 
region  the  argentic  iodide  is  blackened.     2.  Below  this,  and 

♦  From  the  Proceedings  of  the  American  Academy  of  Arts  and  Sciences. 
Am.  Joas.Soi.— Thibd  Sbbibs,  Vol.  XXI,  No.  123.— Mabch,  1881. 
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extending  from  the  boundary  of  the  blue  and  green  to  the 
inferior  theoretical  limit  of  the  prismatic  spectrum,  is  a  rejjion 
strongly  marked  in  which  the  action  of  the  daylight  has  been 
altogether  arrested  or  removed,  the  daylight  and  the  sunlight 
having  apparently  counterbalanced  and  checked  each  other. 
8.  A  similar  protected  region  occurs  beyond  the  violet  This, 
however,  is  very  much  shorter  than  the  preceding.  The  sketch 
annexed  to  Herschel's  paper  represents  these  facts  as  well  as 
they  can  be  represented  by  an  uncolored  drawing. 

II.  Description  op  the  Phosphorographic  Spectrum. 

In  a  phosphorograph  on  luminous  paint  the  same  general 
effects  appear.  H  the  impression  of  the  spectrum  be  taken  in 
the  absence  of  extraneous  light,  there  is  a  shining  region  corre- 
sponding to  the  blackened  region  of  the  photograph.  But  if, 
previously  or  simultaneously,  extraneous  light  be  permitted  to 
be  present,  new  effects  appear.  The  shining  region  of  the 
phosphorograph  has  annexed  to  it,  in  the  direction  of  the  less 
refrangible  spaces  and  extending  toward  the  theoretical  limit 
of  the  spectrum,  a  region  of  blackness  in  striking  contrast  to 
the  surrounding  luminous  surface.  The  blackness  is,  however, 
broken  at  a  distance  below  the  red  by  a  luminous  rectangle  of 
considerable  width.  This  occupies  the  space,  and  indeed  arises 
from  the  coalescence  of  the  bands,  a,  ^,  y,  discovered  by  me  in 
1842.  It  may  be  separated  into  its  constituent  bands,  which 
are  very  discernible  when  registered  on  gelatine  as  presently 
described.  And  since  this  is  not  so  easily  done  with  tlie  upper 
lines  of  the  spectrum,  we  may  infer  that  these  are  very  much 
broader  than  the  Fraunhofer  lines,  a  result  strengthened  by  the 
fact  that  these  dark  intervals  can  be  more  easily  recognized  by 
the  thermopile  than  those  lines.  The  blackness  is  then  re- 
sumed. It  extends  to  a  short  distance,  and  there  the  phospho- 
rographic impression  comes  to  an  end. 

This  shining  rectangle  has  long  been  known  to  students  of 

Ehosphorcscence,  but  its  interesting  origin  has  not  until  now 
een  explained. 

But  more,  just  beyond  the  region  of  the  violet,  the  same 
kind  of  action  occurs, — a  dark  space,  which,  however,  is  of  very 
much  less  extent  than  that  beyond  the  red. 

The  photograph  and  the  phosphorograph  thus  present  many 
points  of  similarity.  But  though  there  are  these  striking  points 
of  resemblance,  there  are  also  striking  differences. 

In  a  spectrum  four  or  five  centimeters  long,  though  the  pho- 
tograph may  be  crossed  by  hundreds  of  Fraunhofer  lines,  not 
one  is  seen  in  the  phosphorograph,  except  those  just  referred 
to.  The  spectrum  must  be  dispereed  much  more  before  they 
can  be  discerned. 
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HL   Op  thb  Pbopagation  op  Phosphorescence  prom 

Pabticle  to  Particle. 

he  explanation  of  this  disappearance  of  the  Fraunhofer  lines 
jvious.  A  phosphorescing  particle  may  emit  light  enough 
ause  others  in  its  neighborhood  to  shine,  and  each  of  these 
ts  turn  may  excite  others,  and  so  the  luminosity  may 
ad.  In  a  former  memoir  I  examined  this  in  the  case  of 
trophane,  and  concluded  that  in  that  substance  such  a  com- 
lieation  does  not  take  place.  But  now,  using  more  sensitive 
)arations,  as  follows,  1  have  established  in  a  satisfactory 
mer  that  it  does. 

he  test  plate  referred  to  in  the  next  paragraph  was  thus 
le.  A  piece  of  glass  was  smoked  on  one  side  in  a  flame, 
1  it  became  quite  opaque.  When  cool  a  few  letters  or 
ds  were  written  on  it  Some  photographic  varnish  was 
red  on  it  and  drained.  This,  drying  quickly,  gave  a  black 
ace  which  could  be  handled  without  injury. 
.  phosphorographic  tablet  was  made  to  shine  by  exposure 
le  skv.  It  was  then  carried  into  a  dark  room,  and  the  test 
e  laid  upon  it.  On  the  test  plate  another  non-shining  phos- 
nigraphic  tablet  was  laid,  and  kept  in  that  position  a  few 
utes;  then,  on  lifting  this  from  the  test  plate,  the  letters 
B  plainly  visible,  especially  if  it  were  laid  on  a  piece  of  hot 
al.  So  the  light  radiating  from  the  first  tablet  through  the 
jrs  of  the  test  could  produce  phosphorescence  in  the  second 
ct,  through  glass  more  than  a  millimeter  thick, 
his  lateral  illumination  is  therefore  sufficient  to  destroy  the 
ression  that  is  left  by  the  fixed  lines,  unless  indeed  their 
idth  be  sufficiently  exaggerated,  and  as  short  an  interval  as 
i>ble  permitted  between  the  moment  of  insolation  and  that 
bservation. 

L  has  been  remarked  that  a  photograph  taken  from  a  phos- 
rograph  is  never  sharp.  It  looks  as  if  it  were  taken  out  of 
18,  and  this  even  though  it  may  be  a  copy  by  contact  The 
t  has  spread  from  particle  to  particle.  Under  such  circum- 
ces,  sharpness  is  impossible,  because  the  phosphorograph 
If  is  not  sharp. 

or  this  reason,  also,  the  bright  rectangle  in  a  phosphoro- 
)h  of  the  solar  spectrum,  arising  from  the  coalescence  of  the 
ared  lines  a,  ^,  ;',  is  never  sharp  on  its  edges.  It  seems  as 
:  were  fading  away  on  either  side.  It  is  also  broader  than 
lid  correspond  to  the  actual  position  and  width  of  those 
s,  and,  particularly,  it  is  somewhat  rounded  at  its  corners. 
f  we  could  obtain  a  thermograph  of  the  solar  spectrum,  it 
lid  correspond  very  closely  to  the  phosphorograph.  The 
tides  heated  would    radiate  their   heat  to  adjacent  ones. 
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Nothing  like  sharpness  of  definition  could  be  obtained  except 
in  very  brief  exposures  before  the  effect  had  had  time  to 
spread. 

IV.  Examination  of   Phosphorescent  Tablets  by  Gelatixe 

Photography. 

The  examination  of  a  phosphorescent  surface  can  be  made 
now  in  a  much  more  satisfactory  manner  than  formerly.  The 
light  we  have  to  deal  with,  being  variable,  declines  from  the 
moment  of  excitation  to  the  moment  of  observation.  And, 
though  the  phosphori  now  prepared  are  much  more  sensitive 
and  persistent  than  those  formefly  made,  they  must  still  be 
looked  upon  as  ephemeral.  To  examine  them  properly,  the 
eye  must  have  been  a  long  time  in  darkness  to  acquire  fall 
sensitiveness. 

It  was  recommended  by  Dufay  to  place  a  bandage  over  one 
eye  that  its  sensitiveness  might  not  be  disturbed,  whilst  the 
other  being  left  naked  could  be  used  in  making  the  necessary 
preparations.  But  this  on  trial  will  be  found,  though  occasion- 
ally useful,  on  the  whole  an  uncomfortable  and  unsatisfactory 
method. 

The  exceedingly  sensitive  gelatine  plates  now  obtainable 
remove  these  difficulties.  The  light  emitted  by  blue  phosphori, 
such  as  luminous  paint,  consists  largely  of  rays  between  H  and 
G,  and  these  are  rays  which  act  at  a  maximum  on  the  gelatine 
preparation.  So  if  a  gelatine  plate  be  laid  on  a  shining  blue 
phosphorus  it  is  powerfully  affected,  and  any  mark  or  image 
that  may  have  been  impressed  on  the  phosphorus  will  on  devel- 
opment in  any  of  the  usual  ways  be  found  on  the  gelatina 
The  gelatine  has  no  need  to  wait  after  the  manner  of  the  eye. 
It  sees  the  phosphorus  instantly.  It  is  impressed  from  the  very 
first  moment,  and  while  the  eye  is  accommodating  itself  and  so 
losing  the  best  of  the  effect,  the  gelatine  is  gathering  every  ray 
and  losing  nothing.  Moreover,  the  effect  upon  it  is  cumulative 
The  eye  is  affected  by  the  intensity  of  the  emitted  light,  the 
gelatine  by  its  quantity.  Each  moment  adds  to  the  effect  of  the 
preceding.  The  gelatine  absorbs  all  the  light  that  the  phospho- 
rus emits  from  the  moment  of  excitation,  or  by  suitable  arrange- 
ment any  fractional  part  thereof.  It  has  another  most  import- 
ant advantage.  The  phosphorus  is  yielding  an  ephemeral  result, 
and  is  momentarily  hastening  to  extinction,  so  that  for  a  com- 
parison of  such  a  result  with  others  of  a  like  kind  the  memory 
must  be  trusted  to.  But  the  gelatine  seizes  it  at  any  predeter- 
mined instant  and  keeps  it  forever.  These  permanent  represen- 
tations can  at  any  future  time  be  deliberately  compared  with 
one  another. 
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'o  these  still  another  advantage  may  be  added.  Veiy  fre- 
ntly  an  impression  is  much  more  perceptible  on  a  gelatine 
y  than  it  is  on  the  phosphorus  from  which  that  copy  was 
en.  This  arises  from  the  fact  that  the  eye  is  made  less 
sitive  by  the  light  emitted  from  surrounding  phosphorescent 
ts,  and  cannot  perceive  a  sombre  point  or  line  among  them, 
it  is  a  physiological  effect  But  a  gelatine  copy  in  no 
>ect  dazzles  or  enfeebles  the  eye.  For  this  reason,  for 
;ance,  we  may  not  be  able  in  a  phosphorograph  to  resolve 
iially  the  infra-red  bright  rectangle  into  its  constituent  lines, 
.  we  recognize  them  instantly  in  the  gelatine. 

have  made  use  of  sensitive  gelatine  plates  ever  since  their 
ility  of  being  aflfected  by  phosphorescent  light  was  announced 
Messra  Warnecke  and  Darwin.  The  more  sensitive  of  these 
tes  receives  a  full  eflfect  by  an  exposure  of  less  than  one 
mte. 

}ut  all  kinds  of  phosphori  will  not  thusaffect  a  photographic 
let :  there  must  be  a  sympathy  between  the  phosphorescent 
1  the  photographic  surfaces.  Thus  a  phosphorus  emitting  a 
low  light  will  not  affect  a  photographic  preparation  which 
uires  blue  or  indigo  rays.  This  prmciple  I  detected  many 
irs  ago.  In  my  memoir  on  phosphorescence  (Phil.  Mag., 
bruary,  1861),  it  will  be  seen  that  the  green  light  emitted  by 
orophane  could  not  change  the  most  sensitive  photographic 
jparation  at  that  time  known — the  daguerreotype  plate — and 
ace  I  was  obliged,  in  measuring  the  light  it  emits,  to  resort  to 
uguer's  optical  method.  The  result  would  have  turned  out 
Ferently  had  the  light  to  be  measured  been  more  refrangible, 
le  or  indigo  or  violet 

A  photographic  surface  agrees  with  the  retina  in  this,  that  it 
3  limits  of  sensitiveness.  The  eye  is  insensible  to  rays  of 
ich  lower  refrangibility  than  A,  and  much  higher  than  H. 
(latine  cannot  perceive  rays  lower  than  F,  but  it  is  aflfected 

others  far  higher  than  H.  There  is  therefore  a  range  for 
3h,  having  its  limits  and  also  its  place  or  point  of  maximum 
isitiveness.  But  some  substances,  such  as  the  iodide  and 
omoiodide  of  silver,  under  special  methods  of  treatment  are 
'ected  either  positively  or  negatively  throughout  the  entire 
nge  of  the  spectrum. 

In  experiments  for  obtaining  quantitative  results,  it  should  be 
•roe  in  mind  that  there  is  generally  a  loss  of  effect.  Between 
e  moment  of  insolation  and  that  of  perception,  either  by  the 
e  or  by  gelatine,  emitted  light  escapes.  The  moment  of 
aximum  emission  is  the  moment  of  completed  insolation,  and 
om  this  the  light  rapidly  declines.  It  is  necessary,  therefore, 
I  make  that  interval  between  the  two  moments  as  short  as 
ossible. 
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V.   Of  the  Extinction  op  Phosphobbbcencb  by  Red  Light. 

I  turn  now  to  an  examination  of  those  parts  of  the  phospho- 
rographic  spectrum  from  which  the  light  has  been  removed. 
They  are  from  the  line  F  to  the  end  of  the  infra-red  space, 
and  again  for  a  short  distance  above  the  violet  The  effect 
resembles  the  protecting  action  in  the  same  region  of  a  photo- 
graph, 

iNow,  if  similar  effects  are  to  be  attributed  to  similar  causes, 
we  should  expect  to  find  in  the  photograph  and  phosphoro- 
graph  the  manifestation  of  a  common  action. 

Several  different  explanations  of  the  facts  have  been  offered 
Herschel  suggested  that  the  photograph  might  be  interpreted 
on  the  optical  principle  of  the  colors  of  thin  films.  Very  re- 
cently Captain  Abney  has  attributed  the  appearance  of  the 
lower  space  to  oxidation.  But  this  can  scarcely  be  the  casein 
all  instances.  Mr.  Claudet  showed,  in  a  very  interesting  paper 
on  the  action  of  red  light,  that  a  daguerreotype  plate  can  be 
used  again  and  again  by  the  aid  of  a  red  glass,  and  that  the 
sensitive  film  undergoes  no  chemical  change.  (Phil.  Mag., 
February,  1848.) 

It  was  known  to  the  earliest  experimenters  on  the  subject 
that  if  the  temperature  of  a  phospnorescent  surface  be  raised, 
the  liberation  of  its  light  is  hastened,  and  it  more  quickly 
relapses  into  the  dark  condition.  In  the  memoir  to  which  I 
have  previously  referred  (Phil.  Mag.,  February,  1851),  I  exam- 
ined minutely  into  this  effect  of  heat,  and  determined  the  condi- 
tions which  regulate  it.  And  since,  on  the  old  view  of  the 
constitution  of  the  solar  spectrum,  the  heat  was  supposed  to 
increase  toward  the  red  ray,  and  when  flint-glass  or  rock-salt 
prisms  are  employed  to  give  its  maximum  far  beyond  that  ray, 
it  was  supposed  that  this  heat  expelled  the  light,  and  conse- 
quently in  all  those  parts  of  the  phosphorus  on  which  it  fell 
tne  surface  became  dark  through  the  expulsion  or  exhaustion 
of  the  light. 

I  speak  of  this  as  "the  old  view,"  because,  as  I  have  else- 
where shown,  the  curves  supposed  to  represent  heat,  light,  and 
actinism  so  called,  have  in  reality  nothing  to  do  with  those 
principles.  They  are  merely  dispersion  curves  having  relation 
to  the  optical  action  of  the  prism  and  to  the  character  of  the 
surface  on  which  the  ray  falls.  (Phil.  Mag.,  August,  1872, 
December,  1872.) 

But  this  heat  explanation  of  the  phosphorescent  facts  can- 
not be  applied  to  the  photographic.  Nothing  in  the  way  of 
hastened  or  secondary  radiation  seems  to  take  place  in  that 

case. 

In  phosphorescence  the  facts  observed  in  the  production  of 
this  blackness  are  these.     If  a  shining  phosphorescent  surface 
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Eiused  suddenly  to  receive  a  solar  spectrum,  it  will  instantly 
>me  brighter  in  the  region  of  the  less  refrangible  rays,  as 
plainly  appear  on  the  spectrum  being  for  a  moment  extin- 
hed  by  shutting  off  the  light  that  comes  into  the  dark 
n  to  form  it.  If  the  light  be  re  admitted  again  and  again, 
like  increase  of  brilliancy  may  again  and  again  be  observed, 
in  a  declining  way.  Presently,  however,  the  region  that 
thus  emitted  its  light  begins  to  turn  darker  than  the  sur- 
iding  luminous  parts.  If  now  we  no  longer  admit/any 
trum  light,  but  watch  the  phosphorescent  surface  as  its 
inosity  slowly  declines,  the  region  that  has  thus  shot  forth 
adiation  becomes  darker  and  darker,  and  at  a  certain  time 
e  black.  The  surrounding  parts  in  the  course  of  some 
rs  slowly  overtake  it,  emitting  the  same  quantity  of  light 
had  previously  been  expelled  from  it,  and  eventually  all 
>mes  dark. 

ow,  apparently,  all  this  is  in  accordance  with  the  hypothesis 
le  expulsion  of  the  light  by  heat.  There  are,  however,  cer- 
other  facts  which  throw  doubt  on  the  correctness  of  that 
lanation. 

n  that  hypothesis,  the  darkening  ought  to  begin  at  the  place 
laxiraum  heat,  that  is,  when  flint  glass  apparatus  is  used, 
w  the  red  my,  and  from  this  it  should  become  less  and  less 
use  in  the  more  refrangible  direction.  But,  in  many  experi- 
ts  carefully  made,  I  have  found  that  the  maximum  of  black- 
has  its  place  of  origin  above  the  line  D,  and  indeed  where 
orange  and  green  rays  touch  each  other.  Not  infrequently, 
ertain  experiments  the  exact  conditions  of  which  I  do  not 
Nv  and  cannr)t  always  reproduce,  the  darkening  begins  at  the 
er  confines  of  the  green,  and  ^^lowly  passes  down  to  beyond 
red  extremity ;  that  is  to  say,  its  propagation  is  in  the  oppo- 
direction  to  that  which  it  ought  to  show  on  the  heat 
othesis. 

till  more,  as  has  been  stated,  there  is  a  dark  space  above  the 
et  Now  it  is  commonly  held  that  in  this  region  there  is 
e  or  no  heat.  If  so,  what  is  it  that  has  expelled  or  destroyed 
light? 

lie  experiments  above  referred  to  I  made  with  the  recently 
f)duced  luminous  paint.  It  presented  the  facts  under  their 
olest  form.  But  I  have  also  tried  many  other  samples,  for 
ill  I  am  indebted  to  the  courtesy  of  Professor  Barker  of 
ladelphia.  xVmong  them  I  may  mention  as  being  very  well 
wn  the  specimens  made  by  Dubosc,  enclosed  in  flat  glass 
es,  contained  in  a  mahogany  case,  and  designed  for  illustra- 
:  the  different  colored  phosphorescent  lights  emitted.  They 
to  be  found  in  most  physical  cabinets.  These,  however, 
not  show  the  facts  in  so  clear  a  manner.     On  receiving  the 
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impress  of  a  solar  spectrum  they  present  patches  of  light  and 
shade  irregularly  distributed.     Though  in  a  general  way  they 
confirm  the  statements  made  above,  they  do  not  do  it  sharply    i 
or  satisfactorily.  ! 

Dubosc\s  specimens  to  which  I  have  had  access  are  enumer-    ! 
ated  as  follows :  1.  Calcium  violet;  2.  Calcium  blue;   3.  Gal-    , 
cium  green  ;  4.  Strontium  green  ;  5.  Strontium  yellow ;  6.  Gal-    ! 
cium  orange.     Restricting  my  observation  to  the  space  beyond    ' 
the  red, — which,  as  has  been  said,  presents  a  bright  rectangle 
in  the  darkness,  about  as  far  below  the  red  as  the  red  is  below 
the  yellow, — I  found  that  this  rectangle  is  not  ^iv^u  by  1 
and  2.     In  3  it  is  doubtful.     In  4  it  is  quite  visible,  and  in  5 
and  6  strikingly  so.  j 

Is  the  blackening  then  due  to  heat  ?  That  it  occurs  beyond 
the  violet,  that  is,  beyond  the  lines  H,  seems  to  render  such  an 
opinion  doubtful,  for  it  is  commonly  thought  that  the  eflFect  of 
heat  is  not  recognizable  there.  And  in  the  phosphorographic 
spectroscope  I  have  used,  the  optical  traiq,  prism,  lenses,  etc., is 
of  glass,  which  must  of  course  exercise  a  special  selective  heat- 
absorption  ;  but  the  traces  of  this  in  the  phosphorograph  I  could 
never  detect. 

In  the  diffraction  spectrum,  I  had  attempted  nearly  forty 
years  ago  to  ascertain  the  distribution  of  heat  (Phil.  Mag., 
March,  1857),  but  could  not  succeed  with  the  experiment  in  a 
completely  satisfactory  manner,  so  small  is  the  eflFect  I 
exposed  a  tablet  of  luminous  paint  to  such  a  diflfraction  spec- 
trum formed  by  a  reflecting  grating  having  17,296  lines  to  the 
inch,  and  was  not  a  little  surprised  to  see  that  from  the  blue  to 
the  red  end  of  the  spectrum  there  is  an  energetic  extinction  of 
the  light,  and  darkness  is  produced.  I  repeated  this  with  other 
gratings,  and  under  varied  circumstances,  and  always  found 
the  same  eflFect 

Now,  considering  the  exceedingly  small  amount  of  heat 
available  in  this  case,  and  considering  the  intensity  of  the  effect, 
is  there  not  herein  an  indication  that  we  must  attribute  this 
result  to  some  other  than  a  calorific  cause  ? 

I  endeavored  to  obtain  better  information  on  this  point  by 
using  the  rays  of  the  moon,  which,  as  is  well  known,  are  very 
deficient  in  heating  power.  Many  years  ago  I  had  obtained 
some  phosphorographs  of  that  object  With  the  more  sensitive 
preparations  now  accessible,  and  with  a  telescope  11  inches  in 
aperture  and  150  inches  focus,  there  was  no  difliculty  in  pro- 
curing specimens  about  14  inch  in  diameter.  These  repre- 
sented the  lunar  surface  satisfactorily.  At  half-moon  an  expos- 
ure of  three  or  four  seconds  was  suflicient  to  give  a  fair  proot 
But,  on  insolating  a  phosphorescent  tablet,  and  causing  the 
converging  moon  rays  to  pass  through  the  red  glass  which  I 
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imonlj  use  as  an  extinguisher,  no  effect  was  produced  by 

red  moonlight  on  the  shining  surface. 

repeated  this  experiment  using  a  lens  5  inches  in  diameter 

7  inches  focus  so  arranged  that  the  moon's  image  could  be 
•t  stationary  on  the  phosphorescent  tablet.  That  image  was 
ut  \  inch  in  diameter.  Then,  insolating  the  tablet,  the 
3n  rays,  after  passing  through  a   red  glass,  were  caused  to 

upon  it  The  exposure  continued  ten  minutes,  but  no  effect 
\  produced  on  the  shining  surface.  The  lunar  image  was  so 
liant  that  when  the  red  glass  was  removed,  and  a  nonshin- 

pbospborescent  surface  was  exposed  to  it,  a  bright  image 

la  be  produced  in  a  single  secona. 

Jut  in  order  to  remove  the  effect  of  the  more  refrangible 
s  by  the  less,  the  latter  must  not  only  have  the  proper  wave 
5th  but  also  the  proper  amplitude  of  vibration.  This  prin- 
le  applies  both  to  photographic  and  phosphorographic  experi- 
nts.     In  my  memoir  on  the  negative  or  protecting  rays  of 

sun  (Phil.  Mag.,  February,  1847)  it  is  said,  "  Before  a  per- 
\,  neutralization  of  action  between  two  rays  ensues,  those 
s  must  be  adjusted  in  intensity  to  each  other."  It  requires 
owerful  yellow  ray  to  antagonize  a  feeble  daylight 
[t  is  owing  to  the  difference  in  amplitude  of  vibration  that 
\  heat  of  radiation  seems  so  much  more  effective  than  the 
it  of  conduction.  A  temperature  answering  to  that  of  the 
iling  point  of  mercury  must  be  applied  to  a  phosphorescent 
)let  for  quite  a  considerable  time  before  all  the  light  is  extin- 
ished.  6ut  the  red  end  of  the  spectrum  and  tnat  even  of 
» diffraction  spectrum,  in  which  the  heat  can  with  difficulty 

detected  by  the  most  sensitive  thermometer,  accomplishes  it 
ry  quickly. 

[.    Of  the  Intra-rbd  Lines  or  Bands  in  the  Sun's  Spec- 
trum. 

At  a  distance  about  as  far  below  the  red  as  the  red  is  below 
e  yellow  in  the  solar  .spectrum,  I  found  in  1842,  in  photo- 
aphs  taken  on  iodide  of  silver  (Daguerre's  preparation),  three 
eat  lines  or  bands,  with  doubtful  indications  of  a  fourth  still 
rther  off.  I  designated  them  as  a,  ^,  y^  and  published  an 
igraving  of  them  in  the  Philosophical  Magazine  for   Mav, 

la  1846,  MM.  Foucault  and  Fizeau  having  repeated  the 
cperiment,  thus  originally  made  by  me,  presented  a  communi- 
ition  to  the  French  Academy  of  Sciences.  They  had  observed 
le  antagonizing  action  above  referred  to,  and  had  seen  the 
ifraspectral  lines  a,  )9,  ;'.  They  had  taken  the  precaution  to 
leposit  with  the  Academy  a  sealed  envelope,  containing  an 
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account  of  their  discovery,  not  knowing  that  it  had  been  made 
and  published  long  previously  in  America. 

Sir  J.  Herschel  had  made  some  investigations  on  the  distri- 
bution of  heat  in  the  spectrum,  using  paper  blackened  on  one 
side  and  moistened  with  alcohol  on  tne  other.  He  obtained  a 
series  of  spots  or  patches,  commencing  above  the  yellow  and 
extending  beyond  the  red.  Some  writers  on  this  subject  have 
considered  that  these  observations  imply  a  discovery  of  the 
lines  a,  )9,  ;'.  They  forget,  however,  that  Herschel  did  not  use 
a  slit,  but  the  image  of  the  San, — an  image  which  was  more 
than  a  quarter  of  an  inch  in  diameter.  Under  such  circum- 
stances, it  was  impossible  that  these  or  any  other  of  the  fixed 
lines  could  be  seen. 

I  have  many  times  repeated  this  experiment,  but  could  not 
obtain  the  same  result,  and  therefore  attributed  my  want  of 
success  to  unskillfulness.  More  recently  Lord  Rayleigh  (Phil. 
Mag.,  November,  1877),  having  experimented  in  the  same 
direction,  seems  to  be  disposed  to  attribute  these  images  to  a  mis- 
leading action  of  the  prism  employed.  Whatever  their  cause 
may  be,  it  is  clear  that  they  have  nothing  to  do  with  the  fixed 
lines  a,  ^,  /•,  now  under  consideration. 

In  these  experiments,  and  also  in  others  made  about  the  same 
time  on  the  distribution  of  heat  in  the  spectrum,  I  attempted  to 
form  a  ditfraction  spectrum  without  the  use  of  any  dioptric 
media,  endeavoring  to  oret  rid  of  all  the  disturbances  which 
arise  through  the  absorptive  action  of  glass  by  using  as  the  grat- 
ing a  polished  surface  of  steel  on  which  lines  had  been  ruled 
with  a  diamond,  and  employing  a  concave  mirror  instead  of  an 
achromatic  lens ;  and,  though  my  results  were  imperfect  and 
incomplete,  I  saw  enough  to  convince  me  that  it  is  absolutely 
necessary  to  employ  a  spectrum  that  has  been  formed  by  reflec- 
tion alone.     (Phil.  Mag.,  March,  1857,  p.  155.) 

In  1871,  M.  Lamanski  succeeded  in  detecting  these  lines 
or  bands  by  the  aid  of  a  therraomultiplier.  He  was  not  ade- 
quately informed  on  what  had  already  been  done  in  the  mat- 
ter  in  America,  for  he  says  that  **  with  the  exception  of  Foa- 
cault  and  Fizeau,  in  their  well-known  experiments  on  the  inter- 
ference of  heat,  no  one  as  yet  has  made  reference  to  these 
lines."  Nearly  thirty  years  before  the  date  of  his  memoir  I  had 
published  an  engraving  of  them.     (Phil.  Mag.,  May,  1843.) 

After  I  had  discovered  these  three  lines,  I  intended  to  use  the 
grating  for  the  exploration  of  that  region,  since  it  extends  it, 
far  more  than  the  prism  can  do;  but,  on  making  the  attempt, 
was  discouraged  by  the  difficulty  of  getting  rid  of  the  more 
refrangible  lines  belonging  to  the  second  spectruna.  I  had 
hoped  to  eliminate  these  by  passing  the  ray  on  its  approach  to 
the  slit  through  a  solution  of  the  bichromate  of  potash.    But 
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bichromate  in  long  exposures  permits  a  sufficiency  of  the 
-e  refrangible  rays  to  pass,  to  produce  a  marked  photo- 
phic  effect ;  and  hence  I  feared  that  any  experiments  sup- 
ed  to  prove  the  existence  of  lines  in  the  infra-red  would  be 
n  to  the  criticism  that  they,  in  reality,  belonged  to  the  more 
angible  regions  of  the  spectrum  of  the  second  order,  and 
t  a  satisfactory  examination  of  the  case  would  exclude  the 
of  the  grating  and  compel  that  of  the  prism.  With  the 
jm  I  could  not  obtain  clear  evidence  of  the  existence  of  more 
n  three  lines,  or  perhaps  groups,  and  doubtful  indications 
X  fourth.  If  in  these  examinations  we  go  as  far  as  wave 
gth  10,750,  the  limit  of  Captain  Abney's  map,  we  nearly 
ch  the  line  H'  of  the  third  spectrum.  This  would  include 
the  innumerable  lines  of  spectrum  2,  and  even  many  of  those 
spectrum  3.  In  such  a  vast  multitude  of  lines,  how  would 
be  possible  to  identify  those  that  properly  belonged  to  the 
it,  and  exclude  those  of  the  second  and  third  spectra? 
sides,  do  we  not  encounter  the  objection  that  this  is  alto- 
her  beyond  the  theoretical  limit  of  the  prismatic  spectrum  ? 
This  brings  us  to  Captain  Abney's  recent  researches,  which, 
the  aid  of  the  grating,  carry  the  investigation  referred  to  the 
smatic  spectrum  as  far^below  the  red  as  the  red  is  below  the 
low.  They  are  not  to  be  regarded  as  an  extension  of 
ploration  in  the  infra-red  region, — for  they  really  do  not 
Ty  us  beyond  my  own  observations  in  1842, — but  as  securing 
)  resolution  of  these  lines  or  bands  into  their  constituent  ele- 
ints.  I  had  never  regarded  them  as  really  single  lines.  The 
?adth  or  massiveness  of  their  photographs,  too,  plainly  sug- 
?ts  that  they  are  composed  of  many  associated  ones.  The 
inciple  of  decreasing  refranj^ibility  with  increasing  wave 
igth  incapacitates  the  prism  from  separating  them,  but  the 
ating  which  spreads  them  out  according  to  their  wave  length 
zeals  at  once  their  composite  character. 

In  Captain  Abney's  map,  after  leaving  the  red  line  A,  we 
id  three  groups:  (1)  ranging  from  about  8150  to  8350 ;  (2) 
)m  8930  U)  9300  ;  (3)  from  9350  to  9^00.  These,  admitting 
at  the  lines  of  the  subsequent  grating  spectra  have  been 
eluded,  are  then  the  resolution  of  a,  ^,  y, 
I  suppose  that  care  has  been  taken  to  make  sure  of  that, 
her  by  absorbent  media  or  by  a  subsidiary  prism.  If  the 
ating  had  been  ruled  in  such  a  manner  as  to  extinguish  the 
iond  spectrum,  inconveniences  would  arise  from  the  char- 
teristics  thereby  impressed  on  the  first. 

In  the  phosphorograph ic  spectrum  on  luminous  paint,  this 
St  multitude  of  lines  is  blended  into  a  mass  which  probably 
n  never  be  completely  resolved  into  its  elements,  on  account 
the  propagation  of  phosphorescence  from  particle  to  particle, 
have  resolved  it  into  two  or  three  constituent  groups,  andfre- 
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quentlj  have  seen  indications  of  its  capability  of  resolution 
into  lines,  in  the  serrated  aspect  of  its  lateral  edges. 

I  believe  that  luminous  paint  enables  us  to  approach  very 
nearly,  if  not  completely,  to  the  theoretical  limit  of  the  pris- 
matic spectrum. 

The  history  of  these  interesting  infra-red  lines  is  briefly  thia, 
They  were  discovered  by  me  in  1842,  and  an  engraving  and 
description  of  them  given  in  the  "  Philosophical  Magazine." 
They  were  next  seen  by  Foucault  and  Fizeau  in  1846,  and  a 
description  of  them  presented  to  the  French  Academy  of 
Sciences.  They  were  again  detected  by  Lamanski  with  the 
thermopile  in  1871.  Their  resolution  into  a  great  number  of 
finer  lines  was  accomplished  by  Abney,  who  gave  a  Bakerian 
lecture  describing  them  before  the  Royal  Society  in  1880. 
Finally,  they  have  been  re-detected  by  me  in  the  shining  rect- 
angle, just  above  the  theoretical  limit  of  the  prismatic  spec- 
trum, given  by  many  phosphorescent  substances. 

University  of  New  York,  Deo.  1.  1880. 


Art.  XXI. — The  structure  and  affinitiea  of  Euphoberia  MtA 
and  Worthen,  a  genus  of  Carbojiiferous  Myriapoda;  by 
Samuel  H.  Scudder. 

The  genus  Euphoberia  was  established  in  1868,  for  some 
remarkable  spiny  Myriapoda  found  in  the  ironstone  nodules  of 
Mazon  Creek  in  Illinois,  and  which  were  first  fully  described 
and  figured  in  the  third  volume  of  the  Geological  Report  of  the 
Illinois  Survey.  The  only  characteristics  then  noted,  in  which 
they  differ  from  modern  types,  were  the  tapering  form  of  the 
body,  and  the  presence  of  branching  spines  on  all  the  segments 
in  longitudinal  rows.  An  opportunity  of  examining  a  series 
of  these  animals  from  the  same  localitv,  due  to  the  kindness  of 
Messrs.  Carr  and  Worthen,  and  especially  of  studying  a  fine 
fragment  of  Euphoberia  major  M.  &  W.,  giving  an  admirable 
view  of  the  ventral  plates,  proves  that  the  differences  between 
these  ancient  types  and  modern  forms  are  so  numerous  and 
important,  as  to  compel  us  to  refer  them  to  a  distinct  suborder, 
for  which  the  name  of  Archipolypoda  is  proposed. 

One  main  distinction  between  the  two  groups,  Diplopoda 
(or  Chilognatha)  and  Chilopoda,  into  which  existing  Myri- 
apoda are  generally  divided,  consists  in  the  relation  of  the 
ventral  to  the  dorsal  plates  of  the  various  segments  of  which 
the  body  is  composed.  In  the  Chilopoda  there  is  a  single  ven- 
tral plate,  bearing  one  pair  of  legs,  for  every  dorsal  plate;  in 
the  Diplopoda  on  the  contrary,  there  are  two  such  ventral 
plates,  each  bearing  a  pair  of  legs,  for  every  dorsal  plate  (with 
the  exception  of  a  tew  aegmeuta  at  t\ie  eK.trem.itie8  of  the  body^ 
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Diplopoda  are  universally  consicjered  the  lower  of  the  two 
eir  organization,  and  it  is  therefore  not  surprising  to  find 
no  Chilopoda  have  been  found  in  rocks  older  than  the 
ary  series;*  while  Myriapods  with  two  pair  of  legs  corres- 
ing  to  each  dorsal  plate  may  be  found  as  far  back  as  the 
measures.  In  such  comparisons  as  are  here  instituted, 
chilopoda  may  therefore  be  left  out  of  account 
modern  Diplopoda,  each  segment  of  the  body  is  almost 
ely  composed  of  the  dorsal  plate,  forming  a  nearly  com- 
I  ring,  for  it  encircles,  as  a  general  rule,  nine-tenths  of  the 
',  leaving  small  room  for  the  pair  of  ventral  plates.  On 
ide  of  the  body  it  is  perforated  by  a  minute  foramen,  the 
ing  of  an  odoriferous  gland.  Usually  the  ring  is  nearly 
liar,  but  occasionally  the  body  is  considerably  flattened, 
the  sides  are  sometimes  expanded  into  flattened  laminae 
a  smooth  or  serrate  margin ;  a  few  species  are  provided 
minute  hairs,  sometimes  perched  on  little  papillaB;  and 
surface  of  the  body,  ordinarily  smooth  or  at  best  wrinkled, 
casionally  beset  with  roughened  tubercles,  which  may  even^ 
I  jagged  projectiona  So  far  as  I  am  aware,  no  nearer  ap- 
ch  to  spines  occurs  on  this  dorsal  plate  than  the  serrate 
is  of  the  lateral  laminae,  the  roughened  tubercles  or  the 
lla-mounted  hairs. 

1  the  Euphoberiae  from  the  Coal-measures  a  very  different 
lition  of  things  obtains.  The  segments  of  the  body  may 
ircular,  or  laterally  compressed,  or  as  in  many  modern 
5s,  depressed  ;  but  in  all,  the  dorsal  plate  occupies  scarcely 
e  than  two-thirds  of  the  circuit  of  the  body,  or  even  less, 
ig  opposed  by  broad  ventral  plates.  This  dorsal  plate  is 
perforated  for  foramina  repugnatoria,f  but,  as  means  of 
ince,  it  is  armed  with  two  or  three  huge  spines  upon  either 
;  one  row  (for  they  occur  on  all  the  segments  alike)  lies 
76,  near  the  middle  line  of  the  body ;  another  is  placed 
down  upon  the  sides,  near  the  lower  margin  of  the  dorsal 
e:  and  a  third  row  is  sometimes  found  between  them, 
se  spines  are  sometimes  forked  at  the  tip,  and  they  are 
bably)  always  provided  to  a  greater  or  less  extent  with 
lules,  springing  from  the  base  or  the  stem  ;  sometimes  these 
so  numerous  as  to  form  a  whorl  of  little  spines  around  the 
D  stem ;  usually  the  main  spines  are  at  least  half  as  long  as 
diameter  of  the  body ;  often  they  are  as  long  as  the  diame- 
and  one  may  readily  picture  the  different  appearance  be- 
m  one  of  these  creatures,  perhaps  a  foot  or  more  in  length, 

Tfophilus  proavus  Germ.,  from  the  Jura,  is  certaiDly  a  nereid  worm,  as  stated 
agen. 

"his  is  what  would  be  expected  from  the  presence  of  spines,  for  two  such 
s  of  defence  should  not  be  looked  for  in  the  same  animal ;  offensive  glands 
resent  only  in  slow-moving  ot,  otherwise  defenceless  creatures,  as  in  Phas- 
among  Orthoptera  for  example. 
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bristling  all  over  with  a  coarse  tangle  of  thorny  spines,  and 
the  smooth  gal  ley- worm  of  the  present  day. 

If  we  pass  to  the  ventral  plates  we  shall  find  diflFerences  of 
even  greater  significance.  In  modern  Diplopoda  these  plates 
are  minute ;  the  anterior  forms  the  anterior  edge  of  the  seg- 
ment, continuous  with  that  of  the  dorsal  plate ;  together,  how- 
ever, they  are  not  so  long  as  the  dorsal  plate  at  their  side,  and 
the  latter  appears  partly  to  encircle  the  posterior  of  the  ventral 

f)lates  by  extending  inward  toward  the  coxal  cavities.     The 
egs  are  attached  to  the  posterior  edge  of  each  ventral  plate, 
and  those  of  opposite  sides  are  so  closely  crowded  together  that 
they  absolutely  touch.     The  stigmata,  of  which  there  is  a  pair 
to  each  ventral  plate,  are  placed   at  the  outer  edge,  rather 
toward  the  front  margin,  and  their  openings  are  longitudinal, 
i.  e.,  they  lie  athwart  the  segment:  the  coxae  of  the  legs  of  the 
anterior  plate  are  therefore  opposite  the  stigmata  of  the  poste- 
rior plate.    No  other  organs  are  found  upon  the  ventral  plates; 
one  might  indeed  say  there  was  not  room  for  them.     The  legs 
themselves  are  composed  of  six  simple,  cylindrical  joints,  sub- 
equal  in  length,  the  apical  armed  with  a  single  terminal  claw; 
the  whole  leg  is  short,  generally  not  more  than  half  as  long  as 
the  diameter  of  the  body. 

In  the  ancient  Euphoberiee,  all  is  very  different    The  ventral 
plates  occupy  the  entire  ventral  surface,  perhaps  may  be  said 
to  extend  partly  up  the  sides  of  the  rounded  body,  and  no  part 
of  the  dorsal  plate  passes  behind  the  posterior  ventral  plate; 
they  are  together  equal  in  length  to  any  part  of  the  dorsal 
M^late,  the  segments  of  the  body  being  equal  in  length  through- 
fiut ;  while  in  moderii  Diplopoda  the  upper  portion  of  the  dor- 
^sl\  plate  is  always  considerably  longer  than  the  ventral  por- 
tio*^,  allowing  the  creature  to  coil  ventrally  without  exposing 
any  intersegmental  portion  of  the  back  devoid  of  hard  arma- 
ture ;  mkile  in  these  ancient  forms,  the  animal  appears  to  coil 
dorsall^Bfi.  readily  as  ventrally;    at  least,  when  not  extended 
straight  3p(>ch  the  stones  in  which  they  are  preserved,  they  are 
as  frequently  found  bent  upward  as  downward;  and  there  is 
certainly  nothing  in  their  structure  to  prevent  such  mobility. 

Then  the  legs,  instead  of  being  inserted  at  the  extreme  pos- 
terior edge  of  the  plate,  are  planted  almost  in  its  very  center, 
and  are  indeed  so  large  that  they  occupy  nearly  its  entire  width; 
neither  are  those  of  opposite  sides  inserted  close  together,  but 
are  removed  from  one  another  by  a  space  equal  to  their  own 
width,  giving  them  ample  play.  The  legs  themselves  differ 
from  those  of  modern  types  in  having  the  second  joint  as  long 
as  the  others  combined,  and  the  whole  leg  at  least  as  long  as 
the  diameter  of  the  body,  and  sometimes  nearly  twice  as  long; 
moreover  they  are  not  cylindrical  but  compressed  and  slightly 
expanded,  strengthened  also  ou  the 'flattened  surface  by  longi- 
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k1   carinffi,  and  in   every  respect,  in  those  specimens  in 
the  legs  are  best  preserved,  have  the  aspect  of  swimming 

1.  No  aquatic  forms  are  known  among  recent  mvriapoOs. 
:  stigmata,  instead  of  having  the  position  they  hold  in 
:n  Diplopoda,  where  they  are  necessarily  minute,  are  very 
situated  in  the  middle  of  each  ventral  plate,  each  spiracle 
ite  to  and  indeed  touching  the  outside  of  the  coxa)  cavity 
J  plate  to  which  it  belongs,  and  running  therefore  with 
lot  athwart  the  plate,  i.  e.,  across  the  body.  But  in  addi- 
o  these  structures,  which  make  up  the  sum  of  the  furni- 
if  the  ventral  plate  in  modern  Diplopoda,  we  find  in  these 
It  myriapods  some  further  interesUng  organs,  which  are 
rfectl^'  preserved  that  no  doubt  can  be  entertained  coq- 
ig  their  presence  and  their  adherence  to  the  ventral  plate. 
■oxal  cavities  are  not  circular  but  oval  and  are  situated 
the  major  axis  in  an  oblique  line,  running  from  near  the 
le  line  of  the  body  forward  and  outward ;  this  and  the 
.  pasterior  insertion  of  the  legs  leave  even  a  wider  space 
«n  them  at  the  anterior  border  of  the  plate  than  poste- 
',  and  this  place  is  occupied  by  a  pair  of  peculiar  organs, 
.ed  one  on  either  side  of  the  median  line  at  the  very  front 
of  every  ventral  plate.  These  I  think  may  be  supports 
ranchisB  ;  they  consist  of  little  triangular  cups  or  craters, 
cling  outward  from  the  under  surface,  through  which  the 
;hial  appendages  protruded.  Until  recently  no  otherJ 
IS  than  branchije  have  been  found  in  any  arthropod,  r'  — 
vithin  the  legs,  and  repeated  on  segm^jiit  afr.i-r  ; 
inly  exceptions  known  are  Peripatus,  a  strange  < 
i  certainly  to  the  myriapods,  but  of  lower  organizJ 
li  Balfour  has  found  segmental  organs  (lie 
in  worms)  having  their  externnl  openin;;s  . 
situated  ;  and  Scolopendrella,  ii  minute  cliil 
in  which  Ryder  has  just  described  organs 
ea>,  opening  externally  between  the  legs.  IJi^^^^ 
x:cur  togedier  wUk  spiracles  in  some  low  (j^^^^Hn sects, 
hen  in  essentially  similar  relative  positionHBi^^  which 
are  here  found  ;  and  as  the  possession  nrlegs  adapted  to 
ming  leads  us  to  presume  in  these  creatures  an  aquatic  or 
libious  lile:  it  would  seem  as  if  we  might  fairly  conceive 
crjteriform  appendages  to  be  branchial  supports,*  and 
ude  that  we  are  dealing  with  a  type  of  myriapods  very 
■ent  from  any  existing  forms, — suited  to  an  amphibious 
:apal>leof  moving  and  breathing  both  on  land  and  in  water, 
vver  the  assemblage  of  forms  discovered  in  the  Mnzou 
V  beds  lends  force  to  tliis  proposition  ;  for  the  prevalence 
iiatic  Crustacea,  of  fishes  and  ferns,  indicates  that  the  fauna 
>-en  if  the;  wen  segmeiittil  orgims,  they  maj  still  have  been  conaected  with 
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and  flora  was  that  of  a  region  abounding  in  low  and  boggy 
land  and  pools ;  and  the  presence  of  marsh-frequenting  flying 
insects  does  not  contradict  such  a  belief. 

These,  however,  are  not  the  only  points  in  which  the  ancient 
forms  differed  from  the  recent.     We  have  so  far  examined  only 
a  typical  segment ;  let  us  now  look  at  the  body  as  a  whole  and 
at  special  segments.    The  modern  Diplopoda  are  of  uniform 
size  throughout,  tapering  only  at  the  extreme  tips;    while 
these  ancient  forms,  at  least  when  seen  from  above,  diminish 
noticeably  in  size  toward  either  end,  and  especially  toward  the 
tail,  giving  the   body  a  fusiform  appearance,  its  largest  part 
being  in  the  neighborhood  of  the  seventh  to  the  tenth  body  seg- 
ments, which  were  often  two,  or  even  three,  times  broader  than 
the  hinder  extremity,  and  considerably  broader  than  the  head  or 
the  first  segment  behind  it     A  single  segment  seems  to  have 
carried  all  the  appendages  related  to  the  mouth  parts,  while  in 
modern  Diplopoda  two  segments  are  required  for  this  purpose; 
this  peculiarity  of  the  fossil  is  inferred  solely  but  sufficiently 
from  the  fact,  perhaps  even  more  remarkable,  that  every  s^. 
ment  of  the  body  (as  represented  by  the  dorsal  plates),  even 
those  immediately  following  the  single  head-segment,  is  fu^ 
nished  with  two  ventral  plates  and  bears  two  pair  of  legs;  as 
is  well  known,  each  of  the  segments  immediately  following  the 
head-segments  in  existing  Diplopoda  bears  only  one  ventral 
plate,  and  only  a  single  pair  of  legs, — a  fact  correlated  with 
the  embryonic  growth  of  these  creatures,  since  these  legs  and 
these  only  are  first  developed  in  the  young  diplopod.    The 
mature  forms  of  recent  Diplopoda,  therefore,  resemble  their 
own  young  more  than  do  these  Carboniferous  myriapods,  a 
fact  which  is  certainly  at  variance  with  the  general  accord  be- 
tween ancient  types  and    the  embryonic  condition   of  their 
modern  representatives,  and  one  for  which  we  oflfer  no  explan- 
atory suggestion  worth  consideration. 

Unfortunately  the  preservation  of  the  appendages  of  the 
head  in  these  Carboniferous  forms  is  not  sufficiently  good  in 
any  that  have  yet  been  found  to  allow  any  comparison  with 
modern  types.  This  is  the  more  to  be  regrettea  since  these 
parts  are  those  on  which  we  depend  largely  for  our  judgment 
of  the  relationship  of  the  Myriapoda  to  other  Insecta  and  to  S 
Crustacea.  If  they  were  present  and  sufficiently  well  defined, 
we  may  well  suppose  that  they  would  aflFord  some  clue  to  the 
genetic  connection  of  these  great  groups. 

The  structure  of  the  Carboniferous  Euphoberiae  have  thus 
been  shown  to  differ  so  much  from  that  of  modern  Diplopoda 
that,  as  stated  at  the  outset,  we  seem  warranted  in  placing 
them  in  a  group  apart  from  either  of  the  sub-orders  of  modern 
Myriapoda  and  of  an  equivalent  taxonomic  value. 

Cambridge,  January  7,  1881. 


iSw  p.  LangUy — The  Actinic  Balance.  187 


Art.  XXIL — The  Actinic  Balance  ;  by  S.  P.  Langley. 

The  writer  has  been,  daring  some  time,  making  experi- 
ents  on  the  device  and  construction  of  an  instrument  more 
dicate  and  more  prompt  than  the  thermopile;  an  advance 
hich  his  recent  researches  into  the  distribution  of  radiant 
lergj  in  the  spectrum  have  proved  to  be  indispensable. 
hese  researches  have  involved  expenses  for  special  apparatus 
hich  have  been  in  part  met  by  a  grant  from  the  American 
cademy  of  Arts  and  Sciences  as  trustees  of  Count  Bumford, 
td  the  writer  has  with  gratitude  to  acknowledge  his  past  in- 
)btednes8  to  this  aid.  A  communication  of  some  of  the 
incipal  results  obtained  was  made  to  that  society  in  the  early 
irt  of  December,  and  will  appear  with  illustrations  of  the 
)paratas  in  a  forthcoming  volume  of  their  Proceedings,  to 
hich  the  reader  who  desires  fuller  details  is  referred. 
The  following  independent  description  of  the  newly  devised 
pparatns  is  renderea  necessary  here,  as  an  introduction  to  a 
iture  account  of  researches  in  the  true  distribution  of  radiant 
oergy  in  the  solar  spectrum. 

We  see  within  the  past  few  years  a  greatly  increased  atten- 
ion  to  this  subject  ana  an  attempt  by  many  skilled  observers 
0  measure  the  distribution  of  heat  for  each  individual  ray 
fith  the  minimum  of  error  which  the  vicious  method  of  the 
)rism  admits.  Even  the  use  of  the  prism,  however,  demands 
nost  delicate  means  of  measurement  Tyndall,  employing 
3?eiT  instrumental  aid  science  commanded  in  his  experiments 
)n  the  electric  light,  was  obliged  to  operate  on  a  spectrum  only 
ID  inch  and  a  half  in  length,  and  it  is  from  this  that  the  well- 
mown  heat  curves  of  our  text-books  are  derived.  When  we 
arm  a  much  longer  spectrum,  we  must  either  make  the  face 
f  our  thermopile  larger,  or  expect  to  find  the  radiation  so 
reakened  that  we  cannot  measure  it. 

Now  the  use  of  the  prismatic  spectrum  involves  two  promi- 
lent  causes  of  error.  One  of  these  (well-known  and  partly 
;uarded  against^  concerns  the  selective  absorption  of  the  mate- 
ial  employed,  tne  other,  far  more  important  and  pernicious  in 
ts  results,  has  been  almost  completely  neglected.  It  concerns 
he  bet  that  the  prism  acts  a  part  analogous  to  that  of  a  cylin- 
Irical  lens,  concentrating  the  rays  in  the  lower  part  of  the 
ipectrum  as  compared  with  the  upper  and  entirely  falsifying 
n  its  specious  results  the  true  distribution  or  the  beat. 
Even  if  there  were  no  theoretical  diflSculty  the  measure  of  the 
"efracted  heat  as  distributed  by  the  prism  is  far  from  easy  on 
locount  of  its  feebleness,  but  there  has  seemed  to  be  no  choice. 
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for  if  the  measurement  of  sensibly  homogeneous  rays  of  heat 
in  the  prismatic  spectrum  is  difficult,  the  correspondiDg  meas- 
urement in  the  diffraction  spectrum  is  impossiole,  or  nas,  at 
any  rate  until  lately,  been  considered  so.  Under  the  most 
favorable  circumstances,  the  total  heat  in  the  brightest  spec- 
trum formed  by  a  diffraction  grating  is  but  about  one-tento  of 
that  in  a  prismatic  spectrum  of  equal  length,  and  this  latter  is 
itself,  as  we  have  just  seen  an  all  but  vanishing  Quantity. 
Muller  and  others  have  attempted  its  evaluation  witnoat  ob- 
taininff  the  least  measurable  effect,  even  from  the  aggregate 
heat  of  the  entire  spectrum.  The  elder  Draper,  bafflea  by  the 
same  difficulty,  succeeded  nevertheless  in  dividing  the  heat  of 
the  spectrum  formed  by  a  diffraction  grating  into  two  parts, 
whicn  led  him  to  announce,  that  the  position  of  the  maximum 
of  heat  did  not  differ  greatly  from  that  of  light,  a  conclasion 
which  has  not  apparently  met  the  general  attention  it  deserves 
from  physicists  thus  far,  at  least  in  Europa 

In  these  most  delicate  measurements,  the  experimenter's 
great  difficulty  is  to  avoid  the  disturbing  influence  of  extrane- 
ous sources  oi  heat,  which  (since  radiations  of  this  latter  dasi 
are  almost  wholly  invisible),  is  extremely  difficult,  for  wesae 
nothing  of  the  hundreds  of  insidious  actions  which  are  inces- 
santly affecting  our  thermopile  from  sources  that  have  nothing 
to  do  with  the  result  we  seek.  There  is  probably  no  instru- 
ment in  the  whole  range  of  scientific  apparatus  which  demands 
a  longer  experience  for  its  successful  use  than  the  thermopile, 
where  we  are  employing  it  not  for  the  purpose  of  a  lecture 
experiment,  but  for  the  determination  of  some  one  almost  in- 
finitesimal radiation  in  the  midst  of  numberless  others  which 
our  only  concern  with,  is  to  avoid.  In  fact  the  successful  use 
of  the  thermopile,  as  employed  by  Melloni  and  by  TyndaD 
may  almost  be  assimilated  to  a  kind  of  handicraft,  requiring 
long  familiarity  and  the  almost  instinctive  and  unconscious 
adoption  at  every  moment  of  precautions  which  would  ce^ 
tainly  never  suggest  themselves  to  the  untried  observer.  The 
writer,  having  served  a  long  apprenticeship  in  previous  years  to 
this  craft,  bad  flattered  himself  that  he  might  turn  his  famil- 
iarity with  the  thermopile  to  some  useful  account  here,  and 
might  perhaps  succeed  from  this  cause,  where  others  had 
failed.  He  was  obliged,  however,  to  admit  to  himself  that  his 
success  was  so  partial  as  to  be  very  like  failure.  He  succeeded 
with  the  thermopile  in  obtaining  feeble  indications  of  heat  on 
comparatively  homogeneous  rays  in  the  diffraction  reflection 
spectrum  but  these  indications  were  all  too  feeble,  and  ob- 
tained at  too  great  a  cost  of  time  and  labor  to  make  it  possible 
to  carry  on  our  knowledge  of  the  distribution  of  heat  in  the 
spectrum  by  means  of  the  thermopile  to  any  great  extent  be- 
yond  the  point  where  olhexs  had  Ml  \1„ 
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386  first  experiments  were  made  by  letting  the  sun-light, 
I  had  passea  through  a  distant  slit,  fall  (without  the  inter- 
)n  of  a  collimating  lens),  upon  a  grating,  whence  the  dif- 
d  rays  fell  upon  a  metallic  mirror  which  concentrated 
into  a  spectrum,  pure  enough  to  give  even  with  a  widely 
slit  all  the  leading  Fraunbofer  lines,  but  in  this  case,  as 
een  said,  the  most  delicate  thermopiles  procurable  and 
3st  galvanometer,  then  in  the  writer*s  possession,  gave  no 
s  which  could  be  relied  on  to  anything  like  the  desired 
e  of  accuracy,  and  although  sometning  was'gained  it  was 
aaall  an  advance  upon  wnat  had  been  done  already,  to 
worthy  of  publication.  Satisfied  that  nothing  more  could 
ne  here  with  the  apparatus  employed,  and  that  the  whole 
I  of  progress  in  tnis  direction  was  arrested  for  want  of 
«r  instrument  than  science  possessed,  the  writer  attempted 
id  one.     He, commenced  his  investigations  in  November, 

and  continued  them  almost  without  intermission  until 
utumn  of  1880,  when  he  found  himself  in  possession  of 
strument,  not  only  greatly  more  sensitive  than  any  ther- 
e,  but  also  far  more  prompt,  and  as  he  believes  more 
ata 

e  thermopile,  it  will  be  remembered,  employs  as  the  source 
e  force  which  swings  the  needle  of  the  galvanometer,  the 
3  ray  which  falls  upon  the  pile's  face.     There  is  no  other 

to  move  the  needle  than  the  excessively  feeble  energy 
d  up  in  the  ray  itselt  It  occurred  to  the  writer  (as  it 
occurred  to  others  before  him,  doubtless),  that  he  might 

feeble  energy,  not  directly,  but  as  the  modulator  of  some 
3r  force.  The  whole  energy  in  one  of  the  rays  we  are 
ig  with,  for  instance,  will  not  give  one-millionth  part  of 
mpalse  upon  a  magnetic  needle,  which  could  be  derived 
a  single  Daniell's  cell.  But  with  the  cell  whose  potential 
y  bears  somewhat  the  same  relation  to  that  of  the  ray, 
ihe  strength  of  a  steam- engine  does  to  the  strength  of  the 
in  finger,  we  might  make  the  feeble  power  of  this  ray  play 
ime  part  that  the  finger  would  when  laid  on  the  engine  s 
tlevalve. 

hen  (to  use  a  common  illustration),  the  finger  is  applied 
3  trigger  of  a  gun,  the  little  force  liberates  an  indefinitely 
er  one,  which  has  no  certain  relation  to  the  energy  of  the 
ml  impulsa  But  what  we  here  need  is  a  rigorous  propor- 
lily  between  the  feeble  but  momentarily  varying  energy 
3  original  ray,  and  the  amount  of  power  it  releases  from  a 
ry  or  other  source  of  energy.  It  is  only  on  these  condi- 
that  the  indications  of  our  instrument  will  be  accordant 
hat  it  will  be  truly  a  meter.  If  we  are  in  search  only  for 
me  sensitiveness,  and  are  satisfied  to  have  a  delicate  ther- 


190  S.  P.  Langley — The  Actinic  Balance.  ' 

moscope  rather  than  an  accurate  thermometer,  I  believe  that 
bj  employing  some  of  the  metalloids  such  as  sulphur,  selenium, 
or  tellurium  it  is  possible  to  make  an  instrument  far  more  sen- 
sitive than  that  about  to  be  described,  but  I  repeat  this  sensi- 
tiveness is  not  all.     What  the  working  physicist  wants  is  not 
an  enormous  result,  bearing  no  definable  relation  to  the  orig- 
inal cause,  but  one  which  is  strictly  proportional  to  it    The 
useful  instrument,  then,  is  one  which  shall  always  give  nearly 
the  same  results  under  repeated  trials,  or  which  shall  in  more 
technical    language   have  a  small    probable  error.      I  com- 
menced, guided  by  these  considerations,  and  with  the  aid  of 
Mr.  F.  W.  Very,  in  December,  1879,  to  experiment  in  the 
following  direction.      The  principle  has  been  employed  bj 
Jamin,  by  Siemens  and  by  others,  before.     The  following  appli- 
cation is,  I  believe,  new.     Let  us  suppose  that  from  a  battery 
two  wires  of  equal  length  and  equal  section  pass  to  a  difTeren- 
tial  galvanometer  so  that  one  current  tends  to  move  the  needle 
to  the  right,  the  other  and  equal  current,  tends  to  move  it  to 
the  left,  and  the  needle  solicited  in  opposite  ways  by  equal 
forces,  remains  motionless  at  zero.     Suppose  now  a  ray  from 
the  sun,  from  a  vessel  of  hot  water,  from  a  candle,  or  from  any 
source,  of  radiant  energy  of  higher  temperature  than  the  wires 
themselves,  to  fall  on  one  of  them;  this  wire  becomes  heated 
and  therefore  a  worse  conductor  than  before,  and  as  its  resist- 
ance increases  in  nearly  the  ratio  of  its  increased  temperature, 
there  is  less  current  through  the  heated  wire,  and  the  needle  is 
deflected  by  a  force  which  is  strictly  proportional  in  theory  to 
the  energy  in  the  original  ray,  to  the  energy  of  the  battery,  and 
to  certain  constants  of  the  galvanometer  and  the  rest  of  the  cir- 
cuit.    In  what  has  just  been  said,  it  is  temporarily  assumed 
that  all  the  energy  of  the  original  ray  is  represented  by  heat  in 
the  wire,  and  that  none  of  it  has  been  lost  by  conduction,  convec- 
tion, or  by  re-radiation.      It  is  also  supposed  that  no  lar]ge 
change  of  temperature  has  taken  place  in  the  wire,  but  that 
the  heating  energy  of  the  original  ray  is  small.     The  last  con- 
dition is  only  too  easily  met  in  practice.     The  consideration 
of  the  first  will  be  resumed  in  another  place. 

We  have  just  indicated  merely  the  fundamental  conception 
which  is  to  guide  our  search  for  an  actual  instrument  Be- 
tween this  conception  and  the  partial  realization  a  great  many 
months  of  assiduous  and  often  disheartening  labor  have  been 
expended,  and  complete  success  is  far  from  having  been  reached 
even  now,  but  as  I  believe  it  certain  that  the  instrument  in  its 
actual  stage  of  progress  has  been  already  successful  in  doing 
important  work  quite  out  of  the  thermopile's  reach,  I  shall  de 
scribe  briefly  the  considerations  which  have  led  to  its  execu- 
tion in  its   present  form.     Some  of  these  are  obvious.    The 
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otion  of  the  galvanometer  needle  will  be  proportional,  other 
ings  being  equal,  to  the  change  of  resistance,  and  this  change 

resistance  will  be  proportional  to  the  actual  resistance  of  the 
ire,  as  well  as  to  the  cross  section  of  the  ray  falling  upon  it 

for  instance  we  employ  a  naked  copper  wire  one  hundred 
eters  in  length,  whose  resistance  is  one  ohm,  the  resistance  of 
ly  given  centimeter  of  its  length  will  not  exceed  one  ten- 
ousandth  of  an  ohm,  and  accordingly,  if  from  any  source  of 
diant  heat  we  let  fall  on  the  wire  a  ray  which  we  will  sup- 
>se  to  be  one  square  centimeter  in  section,  if  it  altered  the 
sistance  of  the  wire  by  so  much  as  one  one-hundredth  part 
bere  it  fell,  we  should  have  but  one  one-millionth  of  an  ohm 

produce  the  requisite  change  in  the  recording  instrument 
vidently  we  must  form  the  particular  minute  portion  of  the 
rcuit  on  which  the  ray  is  to  fall  of  some  conductor  which  has 
very  high  resistance  indeed,  as  compared  with  the  average 
sistance  of  the  wires.  If  for  instance  we  introduce  a  bit  of 
>ld-foil  having  a  resistance  of  one  ohm  to  the  single  centi- 
eter  so  that  it  shall  form  a  virtual  portion  of  one  of  the 
ires,  and  if  we  let  the  ray  fall  on  this,  we  now  produce  a 
lange  equal  to  the  one  one-hundredth  part  of  one  ohm,  which 

ten  thousand  times  the  effect  produced  before  by  the  same 
iuse.  Similar  considerations  show  us  that  the  cylindrical 
)rm  of  the  wire  is  a  bad  one,  and  that  the  metal  used  for  the 
art  exposed  to  radiant  heat  should  be  laminated,  when  it  may 
e  made  to  present  a  much  greater  surface  to  the  source  of  radi- 
Qt  heat,  with  precisely  the  same  conductibility.  It  is  clear 
len  that  the  following  conditions  should  unite;  great  electric 
sistance ;  considerable  change  in  resistance  for  a  given  change 
1  heat,  and  a  form  which  enables  it  to  take  up  and  part  with 
eat  very  rapidly. 

To  this  we  may  add  among  the  minor  conditions  that  it  is 
esirable  that  the  exposed  portion  should  be  of  a  metal  readily 
educed  to  thin  laminae,  that  it  should  be  non-oxidizable,  since 
tis  to  be  in  an  excessively  thin  strip,  and  that  it  should  also 
lave  sufiScient  rigidity  to  preserve  its  form.  The  whole  of 
h^e  conditions  can  rarely  or  never  be  found  in  the  same  sub- 
tance.  We  must  select  our  metal  with  a  view  to  those  con- 
litions  which  are  of  most  importance.  Experiments  were 
oade  in  December,  1879,  and  in  January  and  February,  1880, 
na  great  variety  of  metals.  They  finally  conducted  me  to  the 
se  or  iron  (or  steel),  platinum  and  palladium  as  the  most  avail- 
ble  ones.  Gold  in  the  form  of  foil  is  unsuitable  on  account  of 
linute  rents  made  by  the  blows  of  the  hammer.  Metals  on 
lass  do  not  work  as  well  on  account  of  the  heat  taken  up  by 
le  glass ;  but  to  attempt  to  narrate  all  the  trials  made  would  be 
seless.     To  comprehend  the  apparatus  used,  not  in  its  ordi- 


192  S.  P.  Ldnghy — The  Actinic  Balance. 

nary  form,  but  in  its  most  elementary  type,  let  us  suppose  that 
we  have  succeeded  in  rolling  steel  until  its  thickness  is  yj^  to 
yjy"»".  In  this  state  8,000  to  12,000  sheets  laid  one  on  the 
other  will  make  but  about  one  English  inch.  It  may  be  easily 
supposed  that  it  is  no  light  task  to  procure  such  a  sheet  of  steel 
in  tne  first  instanca  This,  however,  has  been  done  success- 
fully. 

In  order  to  fix  our  ideas  let  us  now  suppose  two  such  pieces 
of  steel,  each  rather  less  than  \  inch  long  and  ^  inch  wide,  to 
be  stretched  side  by  side  and  almost  in  juxtaposition,  within  a 
small  cylinder  open  at  one  end,  which  can  be  directed  to  the 
source  of  radiant  heat,  while  the  two  strips  are  made  to  form 
each  a  portion  of  a  circuit  leading  from  the  battery  to  the  differ* 
ential  galvanometer.     Since  tbe  change  of  resistance  in  iron  is 
about  -^  of  one  per  cent  for  each  degree  Centigrade,  as  minate 
a  change  of  temperature  as  is  represented  bv  a  single  d^n^ 
will  cause  a  difference  of  resistance  in  the  strips  of -y^.     Tdqs 
supposing  the  resistance  of  the  exposed  part  to  be  J  that  of  the 
whole  circuit,  there  will  be  a  differential  effect  upon  the  galvan- 
ometer equal  to  nearly  y^jVir  ^^  ^^^  entire  power  of  the  battery, 
an  enormous  amount  of  force  as  compared  with  that  represented 
by  the  heat  required  in  warming  such  a  minute  mass  as  the 
strip  by  1^  C.     Further,  since  the  strip  is  so  thin  it  will  take  up 
and  part  with  the  heat  almost  instantly.     Where  the  thermopile 
often  requires  an  exposure  of  five,  ten  or  fifteen  minutes,  the 
strip  will  take  up  sensibly  all  of  the  heat  it  is  capable  of  hold- 
ing within  a  single  second.     There  is  here  then  a  great  gain  in 
sensitiveness  over  the  pile  and  also  a  great  gain  in  rapidity. 
In  the  case  of  the  pile,  if  we  have  a  beam  of  heat  of  J  the  cross- 
section,  we  employ  to  utilize  it  a  pile  of  J  the  size  and  get 
(roughly  speakmg)  but  \  the  effect.     With  the  strips  we  have 
the  paradoxical  result  (in  appearance  at  least)  that  \  the  heat 
may  produce  the  same  effect  as  the  whola     To  see  this  more 
clearly,  let  us  suppose  another  strip  to  be  but  J  as  long  and  \ 
as  wide  as  the  first     This  exposes  but  \  the  area,  but  the 
resistance  is   obviously  the  same   as   before  and   any  given 
percentage  of  that  resistance  will  produce  the  same  effect  as 
before.     From  any  thing  which  has  been  said,  it  might  seem 
to  follow  then,  that  with  a  strip  of  the  size  of  1  square  mm.  we 
shall  get  the  same  effect  as  with  one  a  meter  square,  or,  in  the 
last  result-that  an  infinitesimal  source  of  heat  will  through  this 
means  produce  the  same  effect  as  an  infinitely  great  one  under 
similar  circumstances.    This  of  course  indicates  a  fallacy  whose 
seat  is  found  in  our  assumption  that  no  change  takes  place  in 
the  temperature  of  the  strip  except  from  radiant  heat     In 
reality  it  is  not  so.     The  current  received  from  the  battery 
itself  of  course  produces  heat  in  all  parte  of  the  circuit,  and 
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is  particularly  noticeable  in  the  strips  which  offer  large 
ance  in  small  compass.  There  is  then  a  practical  limit 
ad  which  we  cannot  go  without  the  battery  neating  of  the 
\  becoming  prejudicial,  but  the  paradox  we  have  alluded 

so  near  to  lact,  that  it  is  found  to  be  the  case  in  actual 
ice  that  within  certain  limits  the  action  of  the  strip  is 
y  independent  of  its  size.  Accordingly  if  we  take  ten 
gaous  parallel   strips  each  one  mm.  wide  and  one  cm. 

and  joining  their  alternate  ends  place  them  side  by  side 
not  in  contact)  so  as  to  present  a  total  area  of  one  cm. 
■6,  the  effect  on  the  galvanometer  will  be,  i.  e.  approxi- 
ly,  ten  times  that  of  a  single  strip  one  cm.  square  carrying 
»ame  current,  if  that  current  be  small.  Of  course,  the 
B  wide  strip  can  carry  a  much  greater  current  while  being 
d  to  no  greater  temperature  than  one  of  the  narrow  ones, 
«re  thus  see  that  we  may  choose  between  a  feeble  current, 
3d  through  numerous  narrow  strips  with  high  local  resist- 

and  a  relatively  strong  current  The  latter  construction 
'  easier,  but  particular  considerations  have  determined  the 
il  trial  of  the  former  plan  (of  higher  resistance  and  feeble 
nts)  in  the  instruments  employed. 

the  latter  case  the  current  is  led  through  all  these  strips  in 
^on,  and  each  of  the  two  strips  we  have  spoken  of  as 
in^  in  the  simplest  type  of  the  instrument  may  then  be 
advantageously  replaced  in  practice  by  a  complete  system 
ich  strips.  If  the  two  systems  are  placed  side  by  side, 
>sed  within  non-conducting  walls,  they  are  evidently  ex- 
1,  as  far  as  possible,  alike,  to  all  changes  of  temperature 
ig  from  their  immediate  environment  When  the  contain- 
jylinder  is  warmed  or  cooled,  each  system  is  warmed  or 
A  in  an  equal  degree,  and  the  galvanometer  needle  remains 
Dved. 

is  found  in  practice  often  more  convenient  not  to  use  the 
rential  galvanometer,  but  to  make  each  system  one  of  the 

of  a  Wheatstone's  bridge.  The  little  cylinder  containing 
trips  is  connected  by  insulated  wires  with  a  quite  distant 
inometer,  and  this  cylinder,  containing  the  eflfective  part  of 
ippai-atus,  can  be  carried  then  by  hand  from  one  room  to 
ler,  and  so  long  as  no  radiant  heat  from  a  source  directly 
le  prolongation  of  its  axis  enters  it,  the  galvanometer 
le  remains  unmoved  ;  but  if  such  a  beam  of  radiant  heat 
lowed  to  enter  and  fall  on  one  of  the  strips  only,  the  in- 
nent  will  instantly  respond,  while  it  remains  unmoved  by 
iccidental  surrounding  radiations.  A  still  further  im- 
ement  in  the  disposition  of  the  strips  is  made  by  leading 
)f  them  in  the  center  of  the  cylinder  and  by  dividing  the 
•  into  two  equal  parts,  which  are  left  one  either  side  of  the 
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central  one,  so  as  to  be  in  identical  circumstances  of  environ- 
ment The  instrument  therefore  acts  by  any  change  in  the 
equality  of  these  two  arms  of  the  bridge  in  a  manner  quite 
analogous  to  the  action  of  a  chemist's  oalance,  but  witn  an 
extent  of  range  which  it  is  not  probable  that  any  chemist's 
balance  can  approach. 

Under  any  circumstances,  in  view  of  the  measurements  we 
expect  to  make,  a  very  delicate  galvanometer  of  moderate 
(though  not  the  lowest)  resistance,  wul  be  a  suitable  instrument 
The  one  used  is  of  the  most  recent  form  of  the  Thomson  ^• 
vanometer  pattern.  This  instrument,  just  made  by  Elliott 
Bros.,  is  more  sensitive  than  any  the  writer  has  before  used, 
and  to  its  excellence  he  is  no  doubt  in  part  indebted  for  the 
results  attained. 

It  is  perhaps  well  to  introduce  here  the  remark  that  nothing 
is  gained  by  pushing  the  battery  power  beyond  ordinary  limits; 
both  wires  heat  equally,  as  far  as  this  battery  current  is  con- 
cerned, but  the  air  within  the  cylinder  is  no  longer  still,  bat 
fluctuates  irregularly  even  when  no  radiant  heat  disturbs  the 
"Actinic  Balance,"  as  the  instrument  just  described  will  be 
provisionally  called.  As  it  is  difficult  to  make  an  absolutely 
perfect  balance  within  the  strips  themselves,  a  resistance  box  is 
commonly  introduced  in  the  circuit  The  same  battery  power 
is  used  whether  the  resistance  in  the  strip  portion  of  the  circuit 
be  greater  or  less,  but  changes  in  the  condition  of  the  battery 
are  kept  from  affecting  the  result  by  introducing  an  easily 
varied  battery-shunt  The  current  employed  is  usually  not 
enough  to  warm  the  strips,  at  the  most,  as  much  as  5°  0.  above 
the  temperature  of  the  environment,  a  condition  best  obtained 
with  tKe  strips  actually  used  by  an  absolute  current  of  less  than 
Webers.  Even  with  -^^  Webers  we  have  a  greater  force  at 
iisposal  than  the  excitant  radiation  here  dealt  with  could  ever 
develop  in  a  thermopile. 

It  will  be  understood  that  experiments  are  still  in  progress 
with  this  instrument,  but  as  it  is  doubtful  when  they  will  be 
concluded,  and  as  it  is  certain  it  is  capable  of  doing  some  things 
even  in  its  present  state,  which  the  thermopile  cannot,  it  seems 

{>roper  to  give  the  preceding  description,  without  waiting  for 
urther  improvement  It  may  be  observed  that  the  three 
metals  which  have  hitherto  been  found  best  are  steel,  platinum 
and  palladium.  Steel  fulfills  every  condition  which  may  be  de- 
sired save  one.  It  is,  unfortunately,  oxidizable  and  is  there- 
fore difficult  of  preservation.  Platinum  may  perhaps  be 
found,  upon  the  whole,  more  advantageous,  though  this  is  not 
yet  certain.  Palladium  has  hardly  been  experimented  upon 
sufficiently  to  pronounce  on  with  confidence,  though  it  seems 
to  promise  well. 
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'he  instrumeDt  in  its  present  condition  has  been  used  with- 
any  lamp-black  upon  the  steel  strips,  for  fear  that  its  well- 
wn  hygrometric  qualities  might  injure  them  by  causing 
.,  but  this  objection  will  not  apply  to  the  platinum.  The 
ier,  however,  has  grave  doubts  about  the  advisability  of 
ting  the  lamp-black  as  absorbing  all  heat-rays  indifferently, 
oQgh  such  a  statement  of  its  capacity  is  given  by  Melloni, 
is  very  widely  adopted  on  his  eminent  authority.  A  spe- 
investigation  into  the  absorptive  power  of  lamp-black  will 
bably  form  a  part  of  the  present  series  of  researches  under- 
3n  here.  In  its  unblackened  condition  the  instrument  ap- 
rs  to  be,  roughly  speaking,  from  5  to  100  times  as  sensi- 
t  as  the  most  sensitive  thermopile  the  observer  possesses, 
I  for  area.  With  the  lowest  degrees  of  sensitiveness  its 
bable  error  is  very  small.  The  higher  degrees,  however, 
olve  the  pushing  of  the  battery  power  to  such  an  extent 
o  cause  sensible  neating  of  the  wires  and  the  consequent 
ituations  on  the  galvanometer  already  alluded  to,  and  in- 
ase  of  all  accidental  irregularities.  The  probable  error  will 
course  depend  also  on  the  condition  of  the  galvanometer, 
the  source  of  heat  is  feeble,  and  the  galvanometer  adjusted 
the  condition  of  nearly  complete  astaticism  (in  other  words 
nearly  complete  instability),  the  probable  error  cannot  fail 
be  considerabla  If  the  source  of  heat  is  considerable  and 
needle's  period  of  vibration  brief,  the  probable  error  is  of 
irse  less.  These  are  general  considerations,  which  affect 
ce  the  thermopile  and  actinic  balance,  but  the  latter  instru- 
nt,  putting  a  greater  amount  of  power  at  our  disposal,  ena- 
s  us  to  use  the  galvanometer  needle  in  a  much  more  stable 
idition,  and  for  this  and  other  causes  enables  readings  to  be 
ained  which  are  not  only  certainly  far  more  rapid  than  the 
rmopile's,  but  apparently  more  exact  Under  favorable  cir- 
Qstances,  in  repeating  some  of  Melloni^s  experiments  on  radi- 
)n  through  distilled  water  and  alum  solutions  with  the  un- 
ckened  steel  balance,  we  have  found  the  probable  error  of 
ingle  observation  very  much  within  one  per  cent  On  the 
ler  hand,  when  working  with  an  extremely  faint  source  of 
It,  such  for  instance  as  the  lunar  rays  give  in  a  refracting 
escope,  the  probable  error  of  a  single  observation  may  be 
ich  larger. 

A.  few  observations  are  given  here  just  as  they  are  found  in 
)  note  books,  and  which  probably  represent  fairly  the  ave- 
;e  accuracy  of  the  instrument  in  its  present  condition,  except 
it  the  source  of  heat  being  the  sun,  whose  radiation  varies 
m  moment  to  moment  from  atmospheric  causes,  the  probable 
or  is  larger  than  it  would  have  been  with  a  constant  source 
heat     The  galvanometer  used  in  the  repetition  of  Melloni's 
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measures  was  an  old  and  comparatively  rough  one,  adjusted 
as  nearly  to  insensitiveness  as  possible  by  its  directing  magnet, 
so  that  the  image  should  not  be  thrown  off  the  scale.  The 
actual  readings  are  given  of  a  series  of  seven  measurements  on 
the  transraissibility  of  solar  rays  by  water  and  by  a  solution  of 
common  alum  containing  ten  per  cent  by  weight,  as  taken  by 
Mr.  F.  W.  Very,  on  Sept  22d,  1880,  l\\  A.  M.  to  1  P.  M. 

The  liquids  being  enclosed  in  glass  cells  (sides  2 '6°^  thick, 
distance  between  sides  =19*0°*™)  were  interposed  or  withdrawn 
by  sliding  the  stand,  on  which  the  cells  were  held  perpendicular 
to  a  sunbeam,  so  that  the  center  of  the  circular  cell  should  fall 
opposite  the  aperture  of  the  actinic  balance  case,  which  was 
inclined  so  as  to  point  to  the  sun.  Each  reading  on  the  sun  is 
the  mean  of  two  taken  directly  before  and  after  the  interposi- 
tion of  the  liquid. 
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Solar  radiatioD  transmitted  bj  water  and  glaaa  =  69*2  per  cent  ±  '36. 

Probable  error  of  one  obeenration  =  ±  0*96  per  cent 
Solar  radiation  transmitted  by  alum  and  glass  =  63*0  per  cent  ±  '19. 

Probable  error  of  one  obserration  =  ±  0*61  per  cent 


These  readings  are  given  merely  as  fair  samples  of  the  average 
(not  of  the  best>  work  where  sensitiveness  is  not  demanded. 

As  an  instance  of  a  bv  far  more  delicate  class  of  measure- 
ments,  we  will  use  the  following  preliminary  observations  upon 
the  heat  of  the  moon,  taken  with  another  and  more  sensitive 
galvanometer,  on  the  night  of  November  12tb,  1880,  with  the 
equatorial  of  the  observatory :  employing  its  13-inch  achromatic 
lens  and  a  smaller  condensing  lens  near  the  focus.  A  great 
variety  of  precautions  were  u?ed  which  are  not  here  detailed, 
and  the  measurements  were  varied  bv  taking  them  under  as 
diverse  conditions  and  in  as  many  different  wajrs  as  possible. 
Eighteen  measures  were  taken  in  about  an  boar  and  a  halt 
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3  given  here  exactly  as  they  were  obtained,  except  one, 
involved  an  obvious  error,  but  this  one  equally  inaicated 


Balance  cover  open.  Bal- 
ance ezpoeed  at  all  times  to 
sky  and  lens  radiation.  Lu- 
nar image  brought  in  by  " 
moving  the  telescope  by 
hand. 


Actual  deflectloiu  (heat). 
63 

r  West  limb 
enters  first 


East  limb 
enters  first 


Balance  covered  except  during  exposure 
and  image  kept  in  the  same  position  at  all 
times  by  the  equatorial  dock. 


I  defieciion  =  41*6  ±  2*4.     (Prob.  error  of  a  single  observation  =  9*9). 

preceding  measures  on  lunar  heat  will  doubtless  be  im- 
1  on.  They  are  the  first  taken  and  are  given  here  not  for 
trinsic  value  of  their  own,  but  as  aids  in  judging  the 
ty  of  the  balance,  to  not  merely  indicate,  but  measure 
of  radiant  energy  hitherto  supposed  beyond  reach  ;  for  I 
t  aware  of  any  previous  authentic  measures  of  the  lunar 
hich  have  passed  through  the  glass  lenses  of  a  refracting 
)pe. 

lay  be  mentioned  that  with  this  very  feeble  radiation  the 
occupied  no  sensible  time  in  heating,  the  galvanometer 
tions  being  smaller  but  as  prompt  and  decisive  as  though 
'servations  were  on  the  sun. 

ar  more  important  practical  result  has  been  the  measure- 
of  nearly  homogeneous  rays  of  heat  in  the  diffraction 
um,  which  is  now  going  on  and  of  which  an  account  will 
Y  be  published.  It  may  be  stated  briefly  that  with  a  dif- 
•n  spectrum  so  pure  as  to  show  all  the  principal  lines  on 
reen,  but  in  which  the  most  delicate  thermopile  gives  no 
ctory  indications  of  heat,  the  actinic  balance  is  found  to 
line  the  energy  not  only  in  the  ultra  red  but  in  the  ultra 
The  results  promise  to  be  of  theoretical  and  practical 
3t  It  may  be  said  generally  that  they  experimentally 
the  absence  of  any  maxima  in  the  spectrum,  such  as  are 
in  the  curves  of  **actinism,"  "light"  and  "heat,"  given 
text-books,  and  that  they  show  that  the  actual  solar 
''  (as  it  reaches  us  through  our  atmosphere),  is  nearly  at 
limum  precisely  where  the  so-called  "actinic"  curve  is 
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shown  at  its  maximum.  The  special  sensitiveness  of  certain 
salts  of  silver,  then,  to  wave-lengths  of  from  0-0003°^  to  0-0004*" 
and  not  any  special  solar  energy  or  special  modification  of  it, 
is  the  cause  of  the  once-supposed  peculiar  "  actinic  power"  of 
this  part  of  the  spectrum.  The  maximum  of  "  heaf^  is  found 
to  be  not  in  the  ultra  red  but  in  the  orange,  and  the  curve  of  **  heat^ 
is  found  to  at  least  approximately  agree  with  that  of  "  light,^^  by 
direct  experiment,  and  other  results  of  equal  theoretical  inter- 
est, and  still  more  practical  importance  begin  to  appear. 

The  need  to  precede  their  statement  in  an  early  publication 
by  some  account  of  the  means  by  which  they  were  derived  has 
been  the  occasion  of  this  article. 

Allegheny  Observatory,  Dec  23,  1880. 


Art.  XXni. — Notices  of  Recent  American  Earthquakes,    No.  10; , 
by  Professor  C.  G.  Rockwood,  Jr.,  Ph.D.,  Princeton,  N.  J.* 

The  present  article  embodies  such  information  as  has  been 
obtained  in  regard  to  earthquakes  occurring  upon  the  Ameri- 
can continent  and  adjacent  islands  since  March  1,  1880;  with 
notice  of  some  earlier  shocks  not  previously  reported  in  this 
Journal.  Items  which  depend  upon  single  sources  of  informa- 
tion have  their  source  indicated,  and  if  regarded  as  at  all 
doubtful  are  printed  in  smaller  type. 

In  addition  to  the  persons  mentioned  in  the  notices,  the 
author  would  express  his  indebtedness  to  J.  M.  Batchelder, 
Esq.,  of  Boston  ;  Prof.  F.  E.  Nipher,  of  the  Missouri  Weather 
Service;  J.  H.  VanDoren,  Esq.,  of  Morristown,  N.  J. ;  to  the 
Superintendent  of  the  Meteorological  Service  at  Toronto,  and 
to  Pres.  J.  W.  Dawson,  of  Montreal,  for  assistance  in  collect- 
ing information. 

1878,  Jan.  1.  An  earthquake  in  Peru  at  1.05  a.  m.,  Lima  time. 

1879,  April  (day  not  stated).  Earthquakes  at  Cbilpancigo,  on 
the  west  coast  of  Mexico,  about  75  miles  inland  from  Acapulca 
— From  Ann.  Report  of  Dr.  Fuchs  in  Miner,  u.  Petrog.  Mittheil- 
ungen,  Vienna. 

May  17.  The  shock  at  Vera  Cruz  and  vicinity,  previoualy 
noted  (xix,  p.  227)  as  16th  or  17th,  is  given  by  Dr.  Fuchs  as 
17th. 

June  8.  A  shock  at  6  a,  m.  at  Cerro  de  Pasco,  Peru. 

Aug.  15.  A  shock  at  6.10  a.  m.  at  Cerro  de  Pasco,  Peru. 
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X  21.  The  period  of  disturbance  which  began  on  this  date 
n  Salvador,  C.  A.  (xix,  pp.  299,  416)  continued  for  several 
(,  and  during  the  last  ten  days  of  1879  it  was  estimated  that 
six  hundred  shocks  occurred,  of  which,  however,  only  two 
destructive,  viz:   those  at  12.38  p.  m.,  Dec.  27th,  and  7.34 

Dec.  31.  The  center  of  disturbance  was  Lake  Dopango 
be  damage  was  confined  to  its  immediate  vicinity.  On  Jan. 
a  new  volcanic  cone  appeared  in  the  lake,  a  description  of 
I,  with  illustration  from   photograph,  appeared  in  Nature 

10,  1880).  Mr.  W.  A.  Goodyear,  State  Geologist  of  San 
dor,  made  careful  observations  of  the  phenomena,  and  his 
fsting  report  thereon  has  been  published  by  the  government 
n  Salvador  in  a  pamphlet  of  thirty  pages.  In  the  expecta- 
that  his  results  will  in  due  time  be  printed  in  English, 
?r  details  are  omitted  here. 

(0,  Jan.  4.  In  connection  with  the  eruption  of  volcanic  dust 
^minica,  W.  I.  (xix,  p.  426);  a  letter  from  Mr.  L.  Bert 
ptes  Kendus,  Mar.  15,  1880)  reports  an  earthquake  shock  at 
M.  at  Marigot,  a  small  village  on  the  flank  of  the  mountain 
in  which  the  crater  is  situated. 

.  28,  29  and  Feb.  10.  Shocks  and  rumbling  reported  f^om  Bald  Mountain, 
-J.M.R 

b.  5.    Advices  of  this  date   report  recent  earthquakes  in 

the  districts  of  Cordoba, 
ature. 

a.  8.  The  shock  at  Ottawa  previously  reported  in  small  type 
p.  299)  is  confirmed  by  letter. 

rch  21.  At  6.26  A.  M.  a  heavy  shock  at  Los  Angeles,  Cal., 
g  about  five  seconds,  vibration  N.E.  to  S.  W. — XJ.  S.  Weather 

JW. 

rch  25.  At  2.80  a.  m.  a  moderate  shock  at  San  Gorgonia, 
duration  about  three  seconds,  direction  S.E.  to  N.W. — XJ.  S. 
her  Review. 

ril  3.  At  10  p.  M.  a  slight  shock  at  Quebec  and  Ottawa. — J. 
K 

le  day,  between  2  and  3  a.  m.,  a  shock  at  Fort  Fairfield  and  Maysville,  Me. 

r.  B, 

ril  14.  A  strong  shock  at  San  Francisco  at  1.06  p.  m. 

•y  5.  A  slight  shock  reported  at  San  Francisco,  from  south 
»rth,  at  11  p.  M.,  and  at  San  Jose  at  11.35  p.  m.  A  heavy 
:,  presumably  the  same,  was  felt  at  Tlactula,  State  of 
.ca,  Mexico,  on  the  same  day,  hour  not  stated;  direction 
I  to  south. 

ly  12.  At  7.45  A.  M.  an  earthquake  was  felt  in  northeastern 
achusetts,  afiecting  the  seaboard  towns  from  Amesbury  and 
buryport  to  Salem,  and  inland  to  Lawrence  and  Acton.     At 


as  parts  of  Mexico,  particularly 
ba,  Tehuacan  and  Vera  Cruz. — ^i 
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most  places  a  rumbling  sound  was  heard.     The  shock  oontinued 
about  five  seconds. 

June  24.  At  12.47  a.  m.  a  shock  at  San  Francisco.— U.  S. 
Weather  Review. 

June  29.  The  eruption  of  the  volcano  Fuego,  in  Gautemala, 
which  began  at  3  a.  m.  on  this  date,  was  preceded  by  violent 
earthquakes,  whose  effect,  however,  was  confined  to  the  sur- 
rounding country  within  a  radius  of  twenty  or  thirty  miles. 

July  12.  About  11  p.  m.  a  slight  shock  at  Concord,  N.  H. 

July  13.  About  8^  p.  M.  a  shock  occurred  at  Memphis,  Tenn. 
and  at  Gayoso,  Mo.  Mr.  H.  Dow  reports  the  time  at  Memphig 
as  8**  24™  62'»,  and  Mr.  H.  Tresenriter  at  Gayoso  at  8»>  40",  boti 
local  time.  It  was  from  N.W.  to  S.E.  and  lasted  several  seconds. 
The  XT.  S.  Weather  Review  notes  two  shocks  at  Memphis  with  an 
interval  of  fifty  seconds. 

July  16.  At  10.25  p.  M.  (Washington  mean  time)  a  slight  shock 
at  Kingston,  Jamaica,  oscillation  from  north  to  south,  lasting 
about  three  seconds. — U.  S.  Weather  Review. 

July  20.  About  1  p.  m.  an  earthquake  occurred  at  Manchester, 
Milford,  Contoocook  and  Antrim,  N.  H. ;  at  the  latter  place  two 
shocks. 

July  21.  At  10.50  p.  m.  at  Valparaiso,  Chili,  a  ''  long  and 
rather  strong  "  shock  followed  by  several  slight  ones  during  the 
night.:r-N.  Y.  Times. 

July  22.  At  2  A.  m.  a  shock  at  Ottawa,  Ont.,  from  west  to  east 
with  rumbling  noise. 

Aug.  1.  At  Y  p.  M.  a  heavy  shock  at  Caracas,  Yenezuela. — NcUure. 

Aug.  10.  About  12.16  p.  m.  a  slight  shock  at  Morristown,  Do- 
ver, Mendham  and  vicinity  in  Northern  New  Jersey,  accompa- 
nied by  a  noise  as  of  a  "  distant  explosion." 

Aug.  14.  A  violent  earthquake  occurred  in  Chili  from  Valpa- 
raiso to  Coquirabo  and  inland.  The  duration  was  nearly  ninety 
seconds.  No  serious  damage  was  done  at  Valparaiso,  hut 
churches  and  buildings  were  overthrown  in  Quillota  and  other 
towns  near ;  and  the  town  of  Illapel  sufiered  very  severely. 

Aug.  1 8.  Two  distinct  earthquake  shocks  were  reported  from  St.  Dorothy  dis- 
trict in  Jamaica,  during  the  severe  cyclone  which  swept  over  the  island  on  thit 
night. —  U.  S.  Weuther  Review. 

Aug.  20.  At  6.30  A.  M.  strong  shocks  were  felt  in  the  Vuelta 
Abajo  region,  in  Candelaria  and  San  Cristobal,  in  Cuba.  The 
oscillation  lasted  seven  seconds  and  was  from  east  to  west.— N, 
Y.  Tribune. 

Aug.  21.  A  shock  at  Barrington,  N.  H. —  U,  S.  Weather  Review. 
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ug.  22.  At  1.23  p.  M.  an  earthquake  was  felt  at  Victoria, 
tish  Columbia)  and  many  other  places  in  the  southern  part  of 
coaver  Island,  and  also  at  Port  Town  send,  Seattle  ana  other 
its  in  the  northwest  of  Washington  Territory.  At  Victoria, 
lighter  ones  were  felt  at  2.10  and  2.19  p.  m. 

ug.  29.  At  1.10  p.  M.  a  slight  shock  at  San  Diego,  Cal. — XJ.  S. 
ather  Review. 

ug.  30.  Several  earthquake  shocks  about  2  or  3  a.  m.  were 
>rted  from  Nonsuch  Island  ami  St.  David's  Island,  in  the 
mudas,  duttng  the  severe  cyclone  which  passed  over  the 
nds  on  that  day. — U.  S.  Weather  Review. 

ept.  1.  About  ten  or  fifteen  minutes  before  5  a.  m.  a  very 

bt  shock  was  felt  in  Morristown  and  Dover,  N.  J.,  and  vicin- 

It  lasted  about  ten  seconds  with  a  distant  rumbling  sound. 

ept.  6.  A  slight  shock  a  little  after  midnight  at  Montreal, 
Qtington  and  Cornwall,  on  the  St  Lawrence.  The  time  given 
Huntingdon  is  0.30  a.  m.  ;  at  Cornwall,  2  a.  m.  ;  and  at  the 
ner  a  ^'  rushing  noise  loud  enough  to  awake  every  one "  is 
ationed. 

>ept.  16.  At  10.27  p.  m.  a  shock  lasting  fifteen  seconds,  was 

m  Utah,  at  various  places  from  Salt  Lake  City  to  Provo. 

?  movement  was  from  S.W.  to  N.E.,  and  in  some  places  a  low 

dbling  noise  preceded  it.     At  Provo  a  second  shock  was  felt 

>ut   1  A.  M. 

lept  23.  About  6  p.  ic.  a  shock  at  Charlotte,  YX.—U,  S.  Weather  Review. 

>ept.  26.  At  5.40  p.  m.  a  shock  at  Los  Angeles,  Cal.,  from  west 
east,  lasting  three  seconds. — ^U.  S.  Weather  Review. 

ct  —  Middle  of  the  month,  the  Ship  ''  Ivy"  experienced  an  earthquake  shock 
m  ofE  the  coast  of  Chili.— <Sbn  Prcmciaco  Bulletin, 

!)ct.  26.  At  1.30  p.  M.  a  severe  shock  was  felt  at  Sitka,  Alaska, 
lowed  half  an  hour  later  by  a  second  shock,  and  by  seven  or 
ht  more  in  the  succeeding  forty-eight  hours.  The  first  and 
«t  violent  shock  continued  twenty  or  thirty  seconds,  none  of 
i  others  more  than  two  or  three  seconds.  This  earthquake  ap- 
m  to  have  been  felt  along  the  coast  of  British  America  and  to 
we  been  accompanied  by  a  tidal  wave,  of  which,  however,  no 
tails  have  been  received. 

Nov.  4.  At  7.37  p.  m.  a  sharp  shock  at  San  Francisco  and 
cinity,  vibrations  east  to  west,  duration  five  seconds;  felt  also 
ghtly  at  San  Jose. 

KoY.  6.  Under  this  date  it  is  reported  that  "a  shock  of  earthquake  has  been 
It  at  Newcastle,  Ont." — Princeton  Press. 

Nov.  12.  At  8.46  P.  M.  at  Los  Angeles,  Cal.,  a  slight  shock,  du- 
ation  three  seconds. 

At  10.30  p.  M.  the  same  night,  a  shock  was  felt  at  Santa  Bar- 
bara, direction  N.K.  to  S.W.  lasting  several  seconds. 
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Nov.  21.  At  Los  Angeles,  CaL,  and  places  south  and  east, 
three  shocks  were  felt  in  the  evening.  The  times  are  differeDtly 
reported  as  8.10  and  11  p.  m.  and  2.30  a.  m.,  and  from  other 
sources  as  7.45,  9.45  and  11  p.  m.  The  first  shock  was  the  longest 
and  most  severe. 

Nov.  24.  At  1 1.46  p.  M.  a  shock  at  Quebec. — J.  W.  D. 

Nov.  28.  At  8.30  A.  M.  a  shock  at  St.  Paul's  Bay  on  the  St 
Lawrence. 

Dec.  7.  At  5.64  p.  m.  a  slight  shock  from  the  S.W.  at  Olyrapia, 
W.  T.,  lasting  a  few  seconds;  felt  also  at  Bai(h)ridge  Island, 
where  the  direction  was  N.  to  S. 

Dec.  10.  A  shock  at  6  a.  m.  at  Bainbridge  Island,  W.  T., 
motion  perpendicular. — U.  S.  Weather  Review. 

Dec.  12.  About  8.40  P.  m.  a  severe  shock  occurred  in  the 
vicinity  of  Puget  Sound,  W.  T.  It  was  felt  from  Victoria  on  tbe 
north  to  Portland  on  the  south.  At  Olympia  four  shocks  were 
reported,  lasting  ten  or  fifteen  seconds.  At  Seattle  the  direction 
was  S.E.  to  N.  W. ;  at  Bainbridge  Island  it  was  N.  to  S. 

Dec.  14,  20.  Slight  shocks  were  felt  at  Bainbridge  Island, 
W.  T.,  at  7  p.  M.  of  the  14th,  and  11.16  p.  m.  of  the  20th.— U.  & 
Weather  Review. 

Dec.  19.  Between  2  and  3  a.  m.  a  shock  occurred  at  Los  Angeles, 
Cal.  At  3.40  p.  M.  another  felt  from  Los  Angeles  to  San  Diego 
and  vicinity,  oscillations  S.E.  to  N.W. 

Dec.  21.   At  11  p.  M.  a  sharp  shock  at  San  Diego  and  Campo, 

CaL,  from  S.E.  to  N.W.  At  the  latter  place  another  similar 

shock,  accompanied  by  a  rumbling  noise,  occurred  at  3.22  a.  ic 
the  next  morning. 

Dec.  26,  28.  At  Tecaluma,  San  Diego  Co.,  Cal.,  a  slight  shock 
at  2.30  p.  M.  on  the  26th  and  a  severe  one  at  11  p.  m.  on  the  28th. 
— U.  S.  Weather  Review. 

Dec.  29.  At  11.26  p.  M.  a  slight  shock  at  Bainbridge  Island, 
W.  T.— U.  S.  Weather  Review. 

1881,  Jan.  20.  At  9.40  p.  m.  a  decided  earthquake,  lasting 
about  ten  seconds,  shook  the  vicinity  of  Bath,  Me.  It  was  felt  at 
Brunswick,  Bowdoinham  and  other  places  as  far  as  Portland  and 
Lewiston. 

Princeton,  N.  J.,  Jan.  29,  1881. 
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\  XXIV. — On  liquid  Carbon  dioxide  in  Smoky  Quartz; 

by  George  W.  Hawe& 

I  presence  of  two  immiscible  fluids  in  the  cavities  of 
1  minerals  has  been  so  long  known,  and  the  number  of 
•ccurrences  has  been  so  multiplied  by  microscopic  study 

rocks,  that  no  especial  interest  is  attached  to  new  dis- 
cs of  this  nature,  save  as  they  have  a  geological ^signifi- 

or  are  associated  with  mineral  peculiarities.  I  wish  to 
that  such  inclusions  are  common  in  smoky  quartz,  and  to 
ttention  to  some  occurrences  which  are  very  remarkable 
e  number  and  size  of  these  inclusions.  As  my  supply 
•ellent  specimens  is  nearly  limitless,  a  knowledge  of  tnese 
ences  will  be  welcome,  since  most  of  the  specimens  of 
iture  that  have  been  described  contain  only  cavities  that 
inutely  microscopic. 

examining  the  specimens  of  quartz  in  the  cabinet  of 
\sor  Brush  a  number  of  crystals  were  found  to  contain 
3S  in  which  were  included  two  fluids,  one  of  which  had 
operties  of  carbon  dioxide.  All  of  these  crystals  had  a 
/  tint,  and  this  I  consider  a  circumstance  of  interest,  as 
cted  with  the  observation  of  Forster*  that  such  crystals 
n  organic  compounds.  Forster  found  that  from  dark 
r  quartz  he  could  distil  a  brown  fluid  which  had  an 
"eumatic  odor,  and  which  gave  reactions  for  ammonia 
irbonic  acid ;  that  a  sooty  deposit  formed  on  the  neck  of 
tort,  and  that  the  quartz  was  decolorized  by  this  distilla- 

He  therefore  concluded  that  the  coloring  matter  was  a 
enous  hydrocarbon  decomposable  by  heat 
ave  not  considered  it  necessary  to  make  any  extended 

of    observations,    since    the    few    specimens   examined 
.te    sufficiently   that    such    inclusions    are   not   rare   in 
J  quartz.      The  following    localities  furnish  specimens 
very  large  cavities. 
:e's   Peak.     Cavities   J   mm.    in    diameter  and  smaller. 

cavities  contain  only  liquid  carbon  dioxide  and  its 
'.  Some  contain  apparently  only  water.  Some  cavities 
in  cubic  crystals  in  the  water,  and  some  are  crystalline  in 

hite  Plains,  North  Carolina.     Cavities  fewer  than  in  the 

ding. 

Dnte  Sella.     Same  as  in  the  smoky  quartz  of  Pike's  Peak. 

bia,  St  Gothard.      Cavities  2  mm.  in  longest  diameter, 

J  enough  to  be  studied  with  a  simple  pocket  lens. 

*  Pogg.  Ann.,  cxliii,  173,  1871. 
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The  smoky  quartz  from  Branchville,  Conn.,*  is,  however,  the 
most  wonderful  in  the  number,  size  and  diversity  of  the  in- 
cluded cavities,  and  as  I  think  that  no  specimens  or  this  nature 
that  are  so  remarkable  have  before  been  found,  these  deserve 
a  description.     In  the  great  pegmatite  vein  from  which  Pro- 
fessors irush  and  Dana   have  taken  so  many  new  mineraU, 
smoky  quartz  occurs  in  considerable  quantity,  which  is  so  full 
of  cavities  containing  condensed  gas,  that  a  report  like  the 
explosion  of  a  percussion  cap  takes  place  when  a  fragment  is 
knocked  off  with  a  small  hammer.     When  heated  it  decrepi- 
tates with  such  violence  that  bits  fly  whistling  through  the 
air  to  a  distance  of  twenty  feet     Any  little  chip  broken  off 
with  a  hammer  will  present  under  the  microscope  the  appear- 
ance represented  in  fig.  13.     Besides  these  cavities  the  quartz 
shows  but  few  inclusions.      These  are  in  part  pyrites,  and  in 
part  iron  oxide,  and  some  appear  to  be  black  coaly  particles. 
Some  of  the  specimens  are  entirely  free  from  all  inclusions, 
save  the  fluids  in  cavities.     The  quartz  has  a  sp.  gr.  of  2*625, 
which   is   lower  than  that  of  pure  quartz.f     It  has  a  very 
well  marked  rhombohedral  cleavage,  all  three  planes  of  the 
primary  rhombohedron  being  frequently  finely  developed  on 
pieces  broken  ofif  at  random. 

Fig.  1  represents  a  cavity  in  which  the  outer  zone  is  water, 
the  middle  liquid  carbon  dioxide,  and  the  inner  gaseous  car- 
bon dioxide.  When  such  a  cavity  is  gently  warmed,  the 
carbon  dioxide  in  liquid  form  expands  causing  the  inner  zone 
to  contract,  and  the  liquid  will  expand  sufficiently  to  occupy 
the  whole  space,  causing  the  inner  zone  to"  disappear  at  a  tem- 
perature lower  than  31°  C. 

Fig.  2  represents  a  cavity  of  the  same  nature  save  that  the 
inner  zone  is  relatively  larger.  When  warmed,  the  expansion 
of  the  liquid  CO,  is  counterbalanced  by  the  evaporation  into 
the  zone  of  the  vapor  within,  and  no  especial  change  is  noted 
till  the  critical  point  of  carbon  dioxide  is  reached,  which  is 
31°  C,  when  the  inner  and  middle  zone  suddenly  become  ona 
The  disappearance  and  reappearance  of  the  inner  bubble  on  cool- 
ing are,  in  the  large  cavities,  attended  with  violent  ebullition. 

Figs.  8  and  4  represent  cavities  in  which  the  bubble  of  vapor 

f>redorninates  more  and  more  over  the  liquid  carbon  dioxida 
n  such  cavities  the  bubbles  will  begin  to  expand  as  soon  as 
heat  is  applied,  and  the  whole  fluid  will  evaporate  into  the 
inner  zone,  causing  the  bubble  to  disappear  at  a  temperature 
below  the  critical  point  of  the  CO,. 

Figs.  5  and  6  represent  cavities  in  which  there  is  not  suffi* 
cient  liquid  carbon  dioxide  to  wet  the  walls  between  it  and  the 

♦  The  quartz  tliat  contains  these  inclusions  is,  however,  not  all  smoky. 
f  Sp.  gr.  of  pure  quartz  2G6.     Smoky  quartz  of  Forster  (1.  c.)  2'65027. 
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■ater.  It  therefore  gathers  into  a  globule,  and  the  liquid  now 
ikes  its  place  as  the  inner  zone.  In  such  cavities  again  the 
iner  zone  grows  smaller  and  disappears  at  a  temperature  below 
le  critical  point  of  the  carbon  dioxide,  and  tne  araallerthe 
3Der  globule  is,  the  quicker  it  will  evaporate  into  the  zone  of 
apor.  In  such  cavities  the  line  which  divides  the  water  from 
lie  middle  zone  is  much  blacker,  and  more  deeply  shaded, 
ecause  the  difference  in  the  indices  of  refraction  of  water  and 
'apor  of  carbon  dioxide  is  mucfa  greater  than  between  water 
nd  liquid  carbon  diozid& 


^     k    ^   ^ 


Figs.  7  and  8  represent  cavities  in  which  if  carbon  dioxide 
exists,  it  is  not  in  sufficient  amount  to  be  condensed  to  liquid 
Eorm,  and  in  which  the  volume  of  water  is  relatively  much 
laiger.  These  cavities,  therefore,  possess  but  two  zones,  the 
outer  of  water,  the  inner  of  vapor.  The  temperature  at  which 
such  babbles  disappear  is  very  much  higher  and  dependent 
upon  their  size. 

No  relationship  between  the  position  of  the  cavities  and  the 
relative  size  or  method  of  arrangement  of  the  three  zones 
could  be  detected.  The  cavities  figured  form  an  interesting 
leries,  dependent  upon  the  relative  volumes  of  the  two  fluids, 
ind  any  or  all  the  members  of  the  series  are  liable  to  be  simul- 
tineously  present  in  the  field  of  the  microscope.  The  tempe- 
ratures at  which  the  inner  bubbles  disappeared  and  reappeared 
in  cavities  simultaneously  visible  were  noted  as  follows: 
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Disappeared. 

Reappeared. 

(1) 

24" 

-     24" 

(2) 

25"     - 

25° 

(3) 

27" 

-         .        -     27* 

(4) 

30"     - 

30" 

(5) 

31" 

-     31° 

(6) 

32"     - 

32" 

(7) 

110* 

-     25" 

(8) 

114"     - 

•    After  more  than  two  weeks 

The  cavities  numbered  from  1  to  6  contained  three  zones  and 
the  bubbles  disappeared  and  reappeared  as  described ;  but  the 
cavities  numbered  7  and  8  were  like  figure  8  and  possessed  but 
two  zones.  The  bubble  which  disappeared. at  110°  returned 
suddenly  as  a  cloud  of  minute  bubbles  like  the  bursting  of  a 
sky  rocket  when  the  specimen  had  cooled  to  25°.  The  bubble 
which  disappeared  at  114*^  could  not  be  induced  to  return  by 
long  immersion  in  a  freezing  mixture.  At  the  end  of  two 
weeks  it  had  not  returned,  and  it  was  only  by  chance  that 
after  this  article  was  complete,  and  I  had  written  that  it  had 
finally  disappeared,  that  I  discovered  that  it  had  returned  in 
full  size,  i  have  thought  these  phenomena  might  be  explained 
as  follows:  The  inner  bubble  is  not,  as  in  the  other  cases, a 
space  filled  with  the  vapor  of  an  expansible  liquid  with  which 
it  is  in  contact,  but  it  is  a  space  filled  with  the  vapor  of  carbon 
dioxide  in  contact  with  water.  When  heated  the  water  can 
expand  and  fill  the  space,  but  it  must  act  not  merely  by  virtue 
of  its  expansibility  to  do  this;  it  must  also  condense  or  dis- 
solve this  gas,  and  under  the  generated  pressure  it  could  dis- 
solve it.  The  conditions  for  the  reappearance  of  the  bubble 
on  cooling  would  be  different  from  those  which  exist  when  a 
space  is  formed  by  the  contraction  of  a  homogeneous  liquid. 
The  dissolved  gas  might  separate  from  the  contracting  liquid, 
as  a  multitude  of  bubbles  adherent  to  the  walls  of  the  cavity, 
and  too  minute  to  be  detected  by  the  microscope.  The  bubble 
which  disappeared  at  110?  and  returned  at  26  came  back  as  a 
large  number  of  small  bubbles  whicli  only  reunited  to  one 
after  being  jostled  about  for  an  hour  or  more,  and  the  bubbles 
may  have  returned  in  the  other  cavity  in  still  greater  number, 
forming  an  undetected  film  upon  some  portions  of  the  walls. 

Figures  9  and  10  represent  some  of  the  strangely  deformed 
cavities,  which  exist  in  limitless  diversity  in  this  stone.     In  the 
cavity  shown  in  figure  9  there  are  two  connected  chambers, 
each  of  which  contains  the  three  zones.     But  owing  to  the  dif- 
ference in  relative  volume  of  liquid  and  gaseous  carbon  diox- 
ide, on  warming,  the  bubble  in  the  left  chamber  contracted  and 
the  one  in  the  right  expanded  at  the  same  time.     After  both 
had  disappeared,  on  cooling  both  reappeared,  but  their  relative 
volumes  liad  changed,  the  bubble  to  the  left  becoming  twice  as 
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laree  as  formerly,  and  the  one  to  the  right  becoming  correspond- 
ingly saiall.  A  part  of  the  water  had  been  transferred  therefore 
to  the  right  hand  chamber 

Many  cavities,  especially  those  in  well-developed  crystals,  are 
bounded  by  planes  parallel  to  the  outer  planes  of  the  crystal. 
Such  are  represented  in  figs.  11  and  12.  These  usually  appear 
dark  in  color,  by  transmitted  light,  because  so  much  light  is 
reflected  away  by  the  crystalline  planes.  Their  inclusions  are 
frequently  better  seen  by  reflectea  light.  These  cavities  attain 
sometimes  to  a  diameter  of  two  millimeters. 

13. 


A  fragment  of  Branch ville  quartz  as  it  appears  when  magnified  twenty-five 
djacneters. 


Fig.  13  represents  the  general  appearance  of  the  roc^,  as 
seen  with  a  low  magnifying  power,  a  cavity  1°^  in  diameter 
being  in  the  field.  Such  a  buoble  as  this  cavity  contains  will 
contract  when  heat  is  applied,  but  before  it  disappears  the  crit- 
ical temperature  will  be  reached  when  the  bubble  will  expand 
and  occupy  all  the  space  of  the  two  inner  zones.  The  most  vio- 
lent ebullition  will  occur  when  the  section  cools  to  the  critical 
temperature.  A  multitude  of  small  globules  will  appear,  and 
will  finally  unite,  and  the  reverse  processes  of  contraction  and 
expansion  wjll  follow. 

The  character  of  the  included  gas  has  been  determined  by 
Professor  Wright,  who  gives  the  results  of  his  investigation  in 
another  article. 

Having  observed  bubbles  both  in  liquid  carbonic  acid  and 
in  water  that  were  in  rapid  erratic  motion,  the  old  question  of 
the  cause  of  these  motions  was  suggested.  The  lack  of  a  con- 
clusive explanation  of  these  movements  has   never  been  felt 
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since  the  phenomenon  is  physical,  and  has  no  special  bearing 
upon  geological  science,  further  than  that  the  motion  furnishes 
a  ready  means  for  the  demonstration  of  the  presence  of  a  mobile 
fluid,  in  distinction  from  glass.  A  sufficient  number  of  explan- 
ations have  been  oficred,  yet  so  late  a  book  as  the  Min^ralogie 
Micrograph ique*  of  Fouqu6  &  Levy,  gives  a  choice  of  explana- 
tions, ana  an  admission  of  doubt 

The  following  experiments  I  think  may  form  the  basis  for 
an  opinion.  If  a  cavity  containing  a  bubble  of  vapor  floating 
in  a  fluid  is  warmed  upon  one  side,  the  bubble  will  move 
toward  the  source  of  heat.  If  the  enclosing  fluid  be  carbon 
dioxide,  this  movement  is  produced  by  a  very  slight  change  in 
temperature.  With  a  globule  of  hot  glass  on  the  end  of  a  rod 
such  a  bubble  can  be  brought  into  a  slow  vibration,  by  mov- 
ing the  source  of  heat  from  side  to  side.  The  motion  will  not 
alter  in  direction  when  the  bubble  has  become  very  small,  by 
the  expansion  of  the  containing  fluid,  but  the  velocity  of  the 
motion  is  much  increased.  If  the  containing  liquid  be  water, 
bubbles  of  large  size  will  not  be  afiected  so  quickly,  but  when 
the  bubbles  have  become  small,  they  move  with  great  rapidity. 

In  water  cavities,  the  bubbles  of  which  have  been  abeorbei 
by  the  expanding  liauid,  the  bubbles  appear  upon  the  colder 
side,  and  shoot  rapidly  toward  the  warmer  side  of  the  cavity. 

Currents  of  heat  can  then  produce  very  rapid  motion  in  bab- 
bles of  small  size,  and  these  motions  are  definite  in  direction, 
when  the  direction  of  the  current  is  definite.  They  can  all  be 
explained  as  being  caused  by  the  evaporation  of  the  liquid  into 
the  space,  the  evaporation  taking  place  upon  the  warmer  side, 
and  condensation  upon  the  colder  side.  When  one  thinks  of 
the  exquisite  balance  which  exists  between  the  temperature 
and 'the  number  of  molecules  which  exist  in  a  closed  space 
within  a  fluid  acted  upon  simply  by  the  pressure  of  its  own 
vapor,  one  can  imagine  the  difficulty  of  restraining  action,  for 
physicists  know  what  great  precaution  is  necessary  to  obtain 
anything  like  a  uniform  temperature ;  a  condition  almost 
impossible  to  secure  on  the  stage  of  the  microscope.  The 
following  experiments  were  tried  with  the  object  of  observ- 
ing the  effect  of  an  approximately  equalized  temperature. 

A  section  of  gold  quartz,  containing  most  active  bubbles 
included  in  liquid  carbon  dioxide,  was  placed  in  a  tank  of 
water  upon  the  stage  of  the  microscope.  The  instrument  was 
placed  in  the  middle  of  the  room  and  the  window  was  opened 
to  equalize  the  temperature  within  and  without  Four  cavi- 
ties were  especially  noticed  in  the  field  of  view.  The  bubbles 
all  possessea  different  rapidity  of  motion.     After  standing  over 

*  Min^ralogie  Micrographique  Roches  Eruptives  FrancaiseB,  Paris.  1879. 
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ight  the  vibration  of  the  two  bubbles  having  the  slower  rates 
f  motion  bad  ceased. 

A  specimen  of  granite  containing  very  movable  bubbles, 
iduded  in  water  cavities,  was  likewise  treated.  In  the  morn- 
ig  the  motion  had  ceased  in  the  cavity  especially  noticed,  but 

beffan  again  after  I  had  stood  by  the  microscope  a  moment. 

I  think  that  these  experiments  are  sufficient  to  show  that 
arrents  of  heat,  by  producing  alternations  of  evaporation  and 
^ndensation,  can  cause  motions  like  those  seen  in  the  bubbles 
oating  in  these  fluids,  and  that  the  changes  of  temperature  suf- 
cient  to  move  these  bubbles  are  very  small  in  amount,  and 
ery  difficult  to  avoid.  This  explanation  is  not  new,  and 
rould,  I  think,  suggest  itself  to  most  physicists,  but  it  has  not 
leen  shown  to  be  sufficiently  probable  to  receive  acceptation. 

A  result  of  my  examination  of  the  cavities  in  quartz  from 
}ranchville  has  been  most  plainly  to  identify  these  cavities  as 
)eing  of  the  same  nature  as  those  that  have  been  studied  by 
several  eminent  microscopists  in  topaz  and  other  crystals,  and 
in  granites,  gneisses,  basalts  and  other  rocks.  Quantities  of 
condensed  gas  sufficient  for  exhaustive  analysis  have  not  how- 
ever been  heretofore  found,  and  therefore  the  associated  com- 
munication of  Professor  Wright  will  have  a  general  interest  to 
geologists,  since  it  bears  upon  a  class  of  long  studied  phe- 
nomena. 


Art.  XXV. — On  the  Oaseous  Substances  contained  in  the  Smoky 
Quartz  of  Brancfiville,  Conn,;  by  Arthur  W.  Wright,  Yale 
College. 

The  existence  in  quartz  of  numerous  cavities  containing  a 
liquid  substance  is  a  matter  of  familiar  occurrence,  and  great 
interest  has  attached  to  the  investigation  of  the  character  of 
these  inclusions.      Although  the  presence  of  carbon  dioxide 
and  water  had  been  well  established,  the  difficulty  of  separating 
the  contents  of  the  cavities  in  sufficient  quantity  has  hitherto 
prevented  a  direct  examination  of  them.     The  quartz  from 
Branchville  is  remarkable  for  the  great  size  and   number  of 
the  cavities,  the  peculiar  characteristics  of  which  are  described 
by  Mr.  Hawes  in  the  preceding  article.     The  fortunate  circum- 
stance, noticed  by  him,  that  when  exposed  to  a  moderately  high 
temperature  it  decrepitates  and  is  speedily  resolved  into  small 
fragments,  made  it  possible  to  obtain  with  great  ease  and  con- 
venience enough  of  the  enclosed  substances  for  an  extended 
examination.     The  material  employed  was  derived  from  the 
collection  of  minerals  from  Branchville,  of  Professors  Brush 
and  Dana.  • 
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The  temperature  required  for  the  disintegration  of  the 
quartz  is  much  below  that  of  red-heat,  and  the  bursting  of  the 
solid  material  is  evidently  due  to  the  increased  tension  of  the 
gas,  as  it  does  not  occur  in  those  fragments  which  contain  no 
cavities.  The  first  trials  were  made  with  glass  vessels,  bat 
the  sharp  fragments  of  the  mineral  were  shot  oflF  with  such 
violence  as  to  destroy  them  immediately.  Recourse  was  there- 
fore had  to  a  porcelain  tube  about  one  centimeter  in  diameter, 
glazed  inside.  This  was  carefully  cleaned  with  pure  distilled 
water,  one  end  stopped  with  a  plug  cemented  in,  and  the  other 
provided  with  a  perforated  brass  cap,  into  which  could  be 
screwed  a  piece  through  which  passed  a  slender  glass  tube, 
the  joint  being  rendered  tight  by  a  thin  washer  of  india-rubber 
or  paper.  The  closed  end  of  the  tube  was  filled  for  some  12 
centimeters  with  pieces  of  clean  glass  rod,  and  upon  these 
rested  a  loose  plug  of  calcined  asbestus.  The  quartz,  broken  into 
fragments  of  such  a  size  as  to  permit  their  entrance,  was  drop, 
ped  into  the  tube,  filling  it  to  within  10  or  12  centimeters  of 
the  mouth.  When  heated  in  a  Bunsen  flame,  the  whole  of  the 
material  could  be  brought  to  the  requisite  heat  without  caus- 
ing anjr  perceptible  elevation  of  the  temperature  of  the  ce- 
ment joints.  This  receptacle,  when  chargea,  was  connected  by 
means  of  the  glass  tube  with  a  Sprengel  pump,  all  joinings  of 
the  glass  tube  being  made  by  fusmg,  and  the  whole  was  easily 
rendered  absolutely  free  from  leakage. 

The  pump  having  been  kept  in  action  until  no  gas  appeared 
to  pass  down,  heat  was  cautiously  applied  to  the  tube,  and 
gradually  increased  until  a  little  gas  was  liberated  from  the 
quartz.  When  this  had  been  thoroughly  pumped  out,  remov- 
ing thus  the  last  portion  of  air,  the  heat  was  again  applied  and 
continued  until  the  cessation  of  the  decrepitation  showed  that 
no  more  gas  could  be  obtained.  The  mercury  was  then  set 
running  in  the  pump  carrying  the  gas  into  the  measuring  tube 
used  for  the  analysis.  A  preliminary  examination  showed  the 
greater  portion  of  the  gas  to  be  carbon  dioxide,  the  remainder 
apparently  consisting  chiefly  or  wholly  of  nitrogen.  A  consid- 
erable amount  of  water  was  also  found  to  be  present.  In  the 
succeeding  operations  this  was  collected  for  examination  by 
causing  the  gas  as  it  issued  to  pass  through  a  U-tube  of  small 
caliber  which  was  placed  in  a  freezing  mixture.  As  the  tem- 
perature of  the  refrigerating  mass  was  such  as  to  reduce  the 
tension  of  the  vapor  to  less  than  one  millimeter  nearly  the 
whole  of  the  water  was  thus  retained. 

For  the  more  careful  analyses  two  portions  of  the  rock  were 
selected  representing  the  greatest  differences  in  the  material. 
The  first,  No.  1,  was  of  a  light  gray  color,  somewhat  milky  in 
appearance,  y,nd  contained  many  cavities  easily  visible  without 
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aid  of  a  lens.  The  weight  of  the  material  employed  was 
0  grams,  which,  divided  by  the  specific  gravity  2*68,  gives 
the  volume  8*25  cubic  centimeters.  The  second  portion  . 
of  the  darker  variety,  having  a  smoky  brown  color,  appear- 
nearly  black  in  large  masses.  The  gas  cavities  in  this  were 
so  conspicuous,  and  apparently  were  less  numerous.  The 
unt  of  the  material  placed  in  the  tube  for  examination  was 
9  grams,  and  the  volume  7'41  cubic  centimeters.  This 
ion   is  designated  as  No.  2  in  the  following  paragraphs. 

total  quantity  of  gas  collected  from  No.  1  was  13*61  cubic 
imeters,  or  1*66  times  the  volume  of  the  quartz.  From 
2,  7*20  cubic  centimeters  of  gas  were  obtained,  or  0*97  . 
s  the  volume  of  the  material  employed.  From  the  first 
ion  examined  in  the  preliminary  work  1*33  volumes  were 
lined. 

he  eudiometer  having  been  transferred  to  the  mercury  cis- 
,  an  absorption  pellet  moistened  with  solution  of  potassic 
rate  was  introduced  into  it,  causing  a  rapid  diminution  of 

volume  of  the  gas.  When  this  operation  was  complete 
residual  gas  had  been  reduced  to  a  small  bubble  in  the 
of  the  tube,  which  could  not  be  measured  directly  with 
icient  accuracy.  To  find  its  volume  a  little  of  the  potash 
ition  or  of  distilled  water  was  admitted  giving  a  meniscus 
cave  toward  the  top  of  the  tube.  The  position  of  this  was 
jfully  noted,  and  the  tube  emptied.  Mercury  was  now  in- 
luced  until  the  surface  of  the  meniscus  occupied  exactly 
former  position  of  the  surface  of  the  water,  and  the  metal 
\  then  weighed.  The  mean  of  five  separate  measurements 
Qg  taken  the  volume  of  the  gas  was  thus  readily  calculated. 
3  results  of  the  determinations  with  the  two  different  por- 
is  of  the  material  gave 
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Cuprous  chloride  produced  no  perceptible  absorption,  show- 
the  absence  of  carbonic  oxide.  Potassium  pyrogallate 
reduced  into  the  tube  with  caustic  potash  solution  produced 
light  discoloration  of  the  latter,  but  no  change  in  the  vol- 
eof  the  gas  was  visible,  indicating  that  oxygen  if  present 
snot  in  recognizable  quantity. 

To  ascertain  the  presence  of  hydrogen  or  other  combustible 
«8  a  number  of  tests  were  made.  A  spark  passed  through 
5  gas  directly  produced  no  effect,  nor  upon  the  addition  of 
jrgen  or  air  alone  could  any  combustion  be  produced. 
hei>  the  proper  quantity  of  pure  electrolytic  gas  was  added 
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the  explosion  produced  no  apparent  change  in  the  volume. 
This,  if,  from  the  small  amount  of  gaseous  substances  operated 
with,  it  might  not  safely  be  concluded  that  hydrogen  or  hydro- 
carbons were  entirely  absent,  shows  that  the  quantity  was 
exceedingly  small.  The  residual  substance  then  was  nitrogen. 
In  these  operations,  as  already  mentioned,  the  gas  had  pamd 
through  a  tube  placed  in  a  freezing  mixture.  A  later  experi- 
ment, to  be  described  in  a  succeeding  paragraph,  gave  a  some- 
what diflferent  result. 

The  rock  when  broken  or  crushed  with  a  hammer  exhales  a 
fugitive  but  unmistakable  odor  of  hydrogen  sulphide,  but  the 
proportion  of  the  gas  was  too  small  to  be  directly  detected 
with  the  ordinary  lead-paper  even  when  directly  applied  as  a 
cover  to  a  diamond  mortar  in  which  a  considerable  quantity  of 
the  material  had  been  powdered.     But  when  a  slip  of  the 
paper  was  introduced  into  a  tube  filled  with   the  extracted 
gases,  a  slight  but  distinct  coloration  was  produced*      The 
same  was  true  in  a  somewhat  more  marked  degree  with  a  paper 
ipoistened  with  mercuro us  nitrate,  indicating  sulphurous  oxida 
To  test  this  more  fully  separate  slips  of  filtering  paper  were 
wet  with  plumbic  acetate,  sodium  nitro-prusside,  ana  mercor* 
ous  nitrate.     When  dry  they  were  introduced  into  a  small 
tube  through  which  gas  freshly  liberated  was  made  to  pass. 
Snow  applied  for  a  few  moments  to  the  tube  ensured  the  pres- 
ence of  sufficient  water  to  moisten  the  paper  slightly.    The 
first  underwent  a  slight  discoloration,  which  after  a  time  dis- 
appeared, the  second  assumed  a  pinkish  tint,  while  the  third 
was  distinctly  blackened,  thus  proving  the  presence  of  a  trace 
of  both  the  gases  in  question,  a  conclusion  moreover  which 
was  verified  by  other  and  independent  triala 

As  both  hydrogen  sulphide  and  sulphurous  oxide  are  ab- 
sorbed by  potassic  hydrate  it  was  important  to  ascertain 
whether  these  gases  were  in  sufficient  quantity  to  aflfectthe 
conclusion  given  above  as  to  the  amount  of  carbon  dioxide. 
A  portion  of  the  gas  collected  in  a  clean  tube  was  therefore 
submitted  to  a  special  examination.  A  pellet  of  ferric  oxide 
formed  upon  the  end  of  a  platinum  wire  produced  no  effect  at 
all,  though  kept  in  the  gas  for  several  hours.  A  similar  pellet 
of  manganese  dioxide  moistened  with  syrupy  phosphoric  acid 
likewise  caused  no  perceptible  effect,  thus  proving  that  these 
gases  were  not  present  in  any  measurable  quantity. 

An  approximate  estimation  of  the  amount  of  water  was  made 
as  follows:  The  U-tubes  in  which  the  water  had  been  con- 
densed were  sealed  after  the  gas  had  been  thoroughly  pumped 
out.  The  temperature  of  the  freezing  mixture  was  from  —19® 
to  —20°  C,  so  that  the  tension  of  the  residual  vapor  was  less 
than  one  millimeter,  which  was  confirmed  by  the  reading  of 
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the  guage  of  the  pump  at  the  end  of  the  operation.     The  con- 
necting tubes  were  fused  off  and  the  portion  containing  the 
water   withdrawn.     The  amount  of  liquid  thus  obtained  was 
coDHiderable.     The  tubes  were  carefully  weighed,  then  opened, 
and  after  an  examination  of  the  liquid,  thoroughly  dried,  and 
weighed  again.     The  weight  of  the  water  in  No.  1   was  thus 
found  to  be  134  milligrams,  in  No.  2,  12  milligrams,  corre- 
sponding respectively  to  134  and  12  cubic  millimeters  at  4°. 
The  volume  of  the  quartz  in  the  first  instance  being  8*25,  and 
in  the  second,  741  cubic  centimeters,  we  have  for  the  amounts 
contained  in  one  cubic  centimeter  of  the  mineral,  1*63  and 
1*62  cubic  millimeters  respectively,  no  correction  being  made 
for  temperature,  as  the  results  are  only  approximate.     This 
would  indicate  a  comparative  uniformity  in  the  distribution  of 
the  water,  while  the  amount  of  the  gas  varies.     But  such  a 
conclusion  is  at  best  doubtful,  inasmuch  as  the  darker  quartz 
is  not  as  thoroughly  broken  up  by  the  heat  as  the  lighter  vari- 
ety, and  the  refrigeration  of  the  tube  No.  1   was  not  made 
complete  at  first,  so  that  some  water  doubtless  escaped  with 
the  gas  uncondensed. 

A  small  portion  of  the  water  removed  with  a  minute  pipette 
was  dropped  upon  red  litmus  paper,  where  it  produced  a  strong 
but  fugitive  alkaline  reaction,  implying  the  presence  of  free 
ammonia.     This  was  confirmed  by  adding  Nessler's  test  solu- 
tion to  the  remainder  of  the  liquid  in  the  end  of  the  tube,  in 
which  it  caused  the  characteristic  yellow   coloration,  and,  in 
one  instance,  a  slight  precipitate.     Before  the  tubes  were  opened 
it  had  been  noticed  that  the  water,  though  to  all  appearance 
perfectly  transparent  and  colorless,  left  a  white  deposit  upon 
the  glass  where  a  drop  of  it  had  evaporated.     When  this  was 
ieated  by  the  application  of  a  small  gas  flame,  it  did  not  fuse, 
but  appeared  to  shrink  or  to  diminish  in  amount  very  slightly, 
while  the  glass  around  it  and  over  it  lost  its  transparency  as 
if  corrodea.     A  similar  but  very  slight  action  upon  the  glass 
where  the  moist  gas  had  come  in  contact  with  it  had  previously 
been  observed.     This  suggested  the  presence  of  fluorine.     The 
glass  of  the  tube  in  which  the  effect  was  most  marked  contained 
gome  lead,  but  the  other  showed  it  also  to  some  extent.     A 
special  experiment  with  a  tube  free  from  lead,  which  had  been 
most  carefully  cleaned,  gave  the  same  result,  though  in  a  some- 
what less  marked  degree.     Its  appearance  would  be  accounted 
for  by  the  supposition  that  the  water  of  the  cavities  contained 
some  hydro-fluo-silicic  acid  in  solution,  rasulting  from  the  de- 
composition of  silicon  fluoride,  or,  as  ammonia  was  also  present, 
from  an  ammonium  compound  of  the  acid. 

As  was  mentioned  in  a  preceding  paragraph,  no  evidence 
of  the  presence  of  a  hydro-carbon  compound  was  discovered  in 
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the  examination  of  the  gas  which  had  passed  slowly  through 
the  cooled  tubes.     The  tubes  themselves,  however,  contained 
what  appeared  like  minute  drops  of  some  oily  substance,  so 
small  as  to  be  scarcely  visible  without  a  lens,  and  quite  insuffi- 
cient for  examination.     In  order  to  investigate  this  point  more 
satisfactorily,   as  also  to   obtain    a    greater  quantity   of  the 
residual   gas   left  bv   absorption   of  the  carbon  dioxide,  an 
experiment  was  made  as  follows:     A  bolt-head  of  porcelain, 
glazed  interiorly,  and  having  a  capacity  of  about  800  cubic 
centimeters,  was  employed  for  the  reception   of  the  quartz, 
of  which  196  grams,  making  754  cubic  centimeters,  were  used. 
It  was  arranged  that  after  the  air  had  been  pumped  out,  the 
gas  from  the   quartz  should  pass  through  a  strong  solution 
of  potassic  hydrate  contained  in  a  large  U-tube,  all  connections 
being  made  with  fused  glass  joints  as  befora     The  greater 
portion  of  the  carbon  dioxide  was  thus  absorbed.     Unfortu- 
nately just  at  the  close  of  the  operation  a  slight  crack  in  the 
porcelain  vessel  admitted  some  air,  but  the  tube  leading  to  the 
pump  was  sealed  immediately,  so  that  the  amount  mixed  with 
the  gas  was  not  too  great  to  permit  a  quantitative  examina- 
tion of  the  gas  to  be  made.     A  portion  of  the  latter   being 
transferred  to  the  eudiometer,  ana  just  sufficient  electrolytic 
gas  being  admitted  to  ensure  combustion,  the  volume  of  the 
gas  after  explosion  was  found  to  be  considerably  increased, 
with  the  production  of  carbon  dioxida     Repeated  tests  gave 
uniformly  the  same  result,  but  the  expansion  was  greater  at 
first  than  after  the  gas  had  been   kept  for  two  days  in  the 
pump.     This  must  be  regarded  as  evidence  of  the   presence 
of  the  vapor  of  some  condensable  hydrocarbon  having  a  large 
number  of  carbon  atoms  in  the  molecule. 

The  quartz  on  heating  entirely  loses  its  color,  the  coarse 
powder  which  is  left  being  almost  snow-white.     Now,  in  the 
experiment  just  described,  a  dark  brownish  deposit  was  formed 
in  the  tube  leading  from  the  bolt-head,  and  the  potash  solution 
after  the  passage  of  the  gas  had  become  brown,  the  color  being 
almost  exactly  the  same  as  that  of  the  quartz  before  the  heat- 
ing.    After  standing  a  day  or  two  a  small  amount  of  a  dark 
brown,  nearly  blao.k,  substance  separated  out  as  a  precipitate 
and  the  liquid  lost  its  color.     The  potash  solution   was  now     ! 
decanted  and  the  dark  deposit  examined.     Treated  with  aico-    , 
hoi  it  dissolved  but  partially,  communicating  its  color  to  the    i 
liquid,  and  taking  on  a  tarry  consistency.     On  evaporating  the     I 
alcohol,   the  substance  was  volatilized  by  more  intense  neat,     j 
with   a  strong  bituminous   odor,  very  much  like  that  given     j 
off  by  cannel  coal  when  burning.     The  brown  deposit  in  the     i 
tube  also  gave  off  the  same  odor  when  strongly  heated.    These 
results  imply  that  the  smoky  color  of  the  quartz  is  due  to  the 
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e  of  a  hydrocarbon  of  the  nature  of  bitumen,  which  is 
3flF  by  heat,  and  the  partial  decomposition  of  which,  at 
h  temperature  reached,  accounts  for  the  heavy  hydro- 
found  in  the  residual  gas,  or  condensed  upon  the  walls 
cooled  tubes.  These  facts,  moreover,  are  entirely  in 
y  with  and  confirm  the  conclusion  of  Forster*  from 
mination  of  the  remarkable  smoky  quartz  from  the 
of  Uri,  that  the  color  of  the  latter  is  due  to  the  presence 
B  volatizable  hydrocarbon,  though  they  do  not  directly 
.  the  ammonia  with  the  latter,  as  his  observations  ap- 
do. 

r  the  operation  just  described  had  been  concluded,  some 
istilled  water  was  introduced  into  the  bolt-head,  and 
Einding  for  some  time  was  then  withdrawn.  Tested  with 
3  nitrate  it  gave  a  considerable  precipitate  of  argentic 
e,  while  when  examined  spectroscopically  it  afforded 
tory  evidence  of  the  presence  of  sodium,  but  of  no 
letal.  The  water  previously  examined  was  found  to  be 
)m  both  chlorine  and  sodium.  The  bolt-head  had  been 
lously  cleansed  before  use,  and  great  care  was  taken  in 

in  all  the  experiments,  to  prevent  contact  of  the  quartz 
lings  that  might  communicate  to  it  any  impurity.  This 
would  indicate  that  the  cubical  crystals  observed  by 
iwes  in  some  of  the  cavities  were  chloride  of  sodium. 

was  also  made  for  chlorine  or  chlorine  compounds  in 
.  A  quantity  of  this  freshly  liberated  was  passed  thix)ugh 
d  water.  This,  on  the  addition  of  argentic  nitrate,  was 
ightly  clouded,  making  the  existence  of  a  trace  of  some 
e  compound  probable.     Not  unlikely  a  minute  propor- 

ammonium  chloride  is  among  the  contents  of  the  cavi- 

quantitative  relation  of  the  water  to  the  gases  obtained 
3e  quartz  may  be  made  more  evident  if  calculated  for  a 
ature  of  100^  C.  at  which  the  former  would  be  entirely 
ted  into  vapor.  Taking  the  amount  of  water  per  cubic 
eter  at  1*62  cubic  millimeters  as  found  above,  this  mul- 

by  1694*3  gives  2*74  cubic  centimeters  for  the  volume 

water  vapor  at  100°.  If  we  take  the  gaseous  volume 
)  cubic  centimeter  of  the  quartz  at  0*97  cubic  centimeter, 
ult  derived  from  No.  2  above,  where  the  water  determi- 

was  most  satisfactory,  the  temperature  of  the  room  at 
le  of  measurement  being  about  20°  C,  we  have  for  the 
e  at  100°,  neglecting  the  correction  for  the  barometric 
re  which  was  not  greatly  different  from  760  mm.,  1*23 
centimeters.     Reduced  to  parts  in   100  these  volumes 

♦Pogg.  Ann.,  cxliii,  173,  1871. 
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For  the  reasons  mentioned  above  this  must  be  regarded,  so 
far  as  the  water  is  concerned,  as  merely  an  approximate  result 
For  the  gases  alone,  leaving  out  of  view  the  bitumiDous 
matter,  which  is  not  known  to  be  specially  connected  with  the 
cavities  in  the  material,  and  probably  is  not,  we  have  the  fol- 
lowing summary : 
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The  ammonia,  if  derived  from  the  gas  cavities,  undoubtedly 
existed  there  in  combination  with  the  carbon  dioxide,  as  am- 
monium carbonate.  From  the  considerations  mentioned  above 
the  fluorine  and  chlorine  detected  by  the  tests  applied  ako 
represent  compounds  of  these  elements  with  some  oi  the  other 
suDstances  present  The  results  of  the  investigation  show  that 
the  contents  of  the  cavities  are  chiefly  water  and  carbon 
dioxide,  with  a  small  portion  of  nitrogen,  thus  essentially 
confirming  the  conclusions  derived  from  microscopical  exam- 
ination. 

Yale  CoUege,  Feb.  11,  1881. 


Art.  XXVI. — Origm  of  some  new  points  in  t/ie  Topography  of 
North  Carolina ;  by  W.  C.  Kerr,  State-geologist  of  North 
Carolina. 

Although  all  the  ordinary  indications  of  glaciation  are 
wanting  in  North  Carolina,  even  in  the  higher  plateaus  of  the 
western  mountainous  region,  as  ascertained  and  announced 
more  than  ten  years  ago,  yet,  singularly  enough,  long  after  I 
had  ceased  to  look  for  evidences  of  glacial  action,  I  have 
arrived,  by  two  entirely  independent  lines  of  investigation,  at 
the  conclusion,  unexpected  and  unsought,  that  glaciation  has 
occurred  here  on  a  large  scale,  and  at  two  diflereut  periods. 
Moreover,  the  evidences  of  the  existence  and  action  of  glaciers 
is  totally  different  from  the  commonly  recognized  marks  and 
results  of  glacial  action. 
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elsewhere  described  briefly  one  of  these  classes  of 

Qa,  and  shall  discuss  them  more  at  length  very  soon ; 

ler  I  give  here  some  outlines,  sufficient  to  indicate  the 

of  the  evidence  and  to  direct  the  attention  of  observ- 

lilar  phenomena  elsewhere. 

companying  diagram  represents  the  facts  better  than 
ription  can  do.  It  is  an  ideal  cross  section  of  the 
phic  basin  of  the  Catawba  Biver,  which  takes  its  rise  in 
3  tributaries  along  the  flauks  of  the  Blue  Bidge,  and 
lering  up  a  multitude  of  these,  traverses  the  Piedmont, 
ntane  plateau  (of  an  elevation  of  1,000  to  1,500  feet)^ 


tion  of  the  Catawba  River  basin,  between  S.,  South  Mountains,  and 
'  Mountains. 

basin  or  trough,  flanked  by  two  ranges  of  mountains, 
;e  on  either  hand  to  an  additional  elevation  of  a  thou- 
t  and  upward.  The  direction  of  the  axis  of  this 
id  of  the  bordering  ranges  is  60°  to  70°  east  of  north, 
about  coincident  with  the  strike  of  the  rocks. 

rocks  are  Archaean  —  hornblendic  and  feldspathic 
and  micaceous  and  hydro-micaceous  schists,  of  vary- 
Iness   and   durability.      The   river    and    its    several 

have  dug  their  channels  along  the  softer  and  more 
strata,  and  have  left  the  tougher  and  more  resisting 
[  ridges  and  low  spurs,  knobs  and  domes,  which  rise 
3  beds  of  the  intervening  streams,  from  a  hundred  to 
ir  and  five  hundred  feet    But  the  singular  and  signifi- 

as  indicated  in  the  diagram,  is,  that  to  one  standing 

example,  a  bench  on  the  flanks  of  the  mountains  to 
b,  or  at  b,  of  the  mountains  to  the  north  of  the  basin, 
ing  across,  all  the  intervening  ridges,  knobs  and  hills 
:  same  level  eye-line^  which  might  be  represented  by  a 
e,  so  level  does  it  seem  from  side  to  side ;  and  one 

that  he  is  scanning  a  broad   level  valley,  flat  as  a 

It  is  only  at  this  particular  elevation,  about  1,400  feet 
eridian  of  Morganton, — less  as  you  go  east,  more  as 
roach  the  Blue  Bidge,  with  a  very  gradual  ascent,^ — 
Dbservation  is  practicable.  A  few  feet  lower  you  see 
Dut  the  next  ridges  and  hills  on  either  hand ;  a  little 
1  the  flanks  of  the  mountains,  above  the  line  a  6,  noth- 
3S  the  eye  but  a  chopping  sea  of  low  mountain  spurs 
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and  knobs  and  hills  and  peaks,  stretching  away  in  confused  and 
disorderly  succession  into  the  foot  hills  of  the  opposite  bound- 
ing range.  I  had  crossed  this  valley  many  times  and  in  many 
directions,  and  ascended  these  mountain  chains  and  measured 
most  of  their  summits,  mapping  out  in  detail  their  intricate 
topography  for  half  a  dozen  years,  before  this  remarkable  fact 
caught  my  eye.  And  it  was  not  until  the  observation  had 
been  repeated  from  different  points  in  the  Catawba  basin,  and 
the  same  phenomenon  had  been  observed  on  a  grander  scale  in 
the  great  transmontane  valley,  the  hydrographic  basin  of  the 
French  Broad, — a  plateau  9f  nearly  a  thousand  feet  greater  ele- 
vation and  of  correspondingly  greater  breadth, — that  the  full 
significance  of  it  began  to  appear. 

In  the  summer  of  1877,  I  stood  on  one  of  the  foot-hills  of 
the  Black   Mountains,   near  the  head  waters  of  Ivy  River, 
within  the  horizon  which  cuts  the  level  tops  of  the  ridges  and 
knobs  and  mountain  spurs  of  this  rugged  and  cafion-gashed 
valley-plateau.     During  the  samefummer,  ascending  the  slope 
of  the  South  Mountains,  from  abutting  spur,  I  happened  to 
catch  the  summit  level  of  the  Uatawba  plateau,  at  a  point 
which  gave  the  whole  sweep  of  it  in  length  as  well  as  breadth; 
it  stretching  westward  thirty  miles,  to  the  foot  of  the  Blue 
Bidge,  and  twice  that  distance  eastward,  until  the  last  ridges 
of  the  Piedmont  became  merged  into  the  western  margin  of  the 
Midland  plateau.      One  readily  imagines  the  valley  to  have 
been  an  arm  of  the  sea  during  some  ancient  period  of  sub- 
sidence, and  these  numerous  hill-tops  rising  as  islands  to  the 
surface,  like  the  thousands  of  atolls  in  the  Pacific  ;  and  the 
grand  generalization  of   Darwin   came   into    mind.       But  no 
subsidence  or  action  of  water  seemed  adequate  to  meet  the  con- 
ditions of  this  problem  ;   nothing,  it  appeared  to  me,  could 
explain  it  except  the  presence  of  a  great  glacier,  which  in 
some  ancient  time  had  moved  down  the  valley  and  left  the 
surface   nearly   level,    and    then,    the    subsequent    action  of 
meteoric  agencies  through   long  ages,  channeling  out  of  the 
plateau  thus  made  the  present  rugged  topography,  leaving  only 
this  faint  trace  of  its  former  extent     Nor  does  any  other  solu- 
tion yet  occur.      The  reasonableness  of  this  hypothesis  will 
appear,  if  it  is  considered  what  would  be  the  consequence  of 
the  movement  of  such  a  glacier  over  the  present  surface  of  the 
valley  for  a  few  thousand  years. 

As  to  the  time  of  this  supposed  glaciation,  we  note  that  the' 
opinion  seems  to  be  gaining  among  geologists  that  there  have 
been  several,  ])erl]aps  many,  glacial  periods,  whether  Croll's 
theory  be  accepted  or  not.  And  there  is  some  ground  for  the 
view  which  introduces  the  Triassic  period  with  an  epoch  of 
extensive  glaciation,  and  the  phenomena  in  question  may  be 
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connected  with  the  rapid  accumulation  of  the  basal  deposits 
of  that  formation.  Or  it  may  hereafter  be  ascertained,  by  a 
more  minute  study  of  the  Appalachian  regions  of  the  middle 
latitudes,  that  glaciers  established  themselves  at  the  higher 
levels  in  the  earlier  times  of  the  Glacial  period,  but  did  not  recur 
during  the  second  accession  of  cold,  while  the  more  extensive 
and  long-continued  Diluvial  denudations  and  erosions  may 
have  sufficed  to  remove  the  debris,  striae  and  other  indications 
of  earlier  glacial  action. 

Raleigh,  N.  0.,  Dec.  24,  1880. 


Art.  XXVII. — Occurrence  of  Realgar  and  Orpiment  in  Utah 

Territory;  by  William  P.  Blake. 

Ths  minerals  realgar  and  orpiment  occur  together  in  a  thin 
bed  or  layer  in  the  horizontal  sedimentary  formations  under- 
lying the  lava  of  Ooyote  Mining  District,  Iron  County,  Utah. 
The  formation,  with  its  lava  cap,  forms  the  divide  between  the 
head- waters  of  the  Sevier  river  and  the  Colorado  drainage,  and 
is  known  as  the  **Rim  of  the  Basin."  The  horizontal  beds  of 
Btiboite,  recently  described  by  Professor  J.  S.  Newberry,  occur 
in  the  same  formation,  but  chiefly  in  a  sandstone  of  a  different 
horizon. 

The  arsenical  sulphides  are  found  in  a  compact,  sandy  clay, 
in  a  horizontal  seam  or  layer  about  two  inches  thick,  not  dis- 
tinctly separated  from  the  clay,  but  lying  in  its  midst,  in 
lenticular  and  nodular  massea  The  bulk  of  the  layer  consists 
of  realgar  in  divergent,  bladed  crystals,  closely  and  confusedly 
aggr^ated,  sometimes  forming  groups  of  brilliant  crystalline 
facets  in  small  cavities  towards  the  center  of  the  mass. 

The  orpiment,  which  is  closely  associated  with  the  realgar,  is 
in  small  and  delicately  fibrous  crystalline  rosettes,  and  small 
spherical  aggregations,  made  up  of  fine  radial  crystals,  and  also, 
in  bright  yellow  amorphous  crusts  in  and  around  the  mass  of 
the  realgar. 

Above  and  below  the  layer,  and  in  close  contiguity,  there 
are  thin  parallel  seams  of  fibrous  gypsum.  The  strata  above, 
for  thirty  feet  or  more,  are  arenaceous  clays  charged  with  solu- 
ble salts  which  exude  and  effloresce  upon  the  surface  of  the 
bank  and  form  hard  crusts.  The  whole  appearance  and  the 
association  of  the  arsenical  sulphides  indicate  that  these  sul- 

S hides  have  been  formed  by  aqueous  infiltration  since  the 
eposition  of  the  beds.     This,  I  nave  no  doubt,  is  the  fact ; 
and,  also,  that  the  antimony  sulphide  had  a  similar  origin. 
Mill  Rook,  New  Haven,  Jan.  15,  1881. 
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Art.  XXVIII. —  On  the  Solubility  of  Chloride  of  Silver  in  Water; 
by  JosiAH  P.  CooKB.  (Contributions  from  the  Chemical 
Laboratory  of  Harvard  College.) 

This  subject  has  already  been  studied  by  Stas,  whose  obser- 
vations are  summed  up  by  Dr.  John  Percy*  in  his  recent  vol- 
ume on  the  Metallurgy  of  Silver  in  the  following  words: 

"  The  solubility  of  the  chloride  is  greatest  when  in  the  flaky 
state,  as  precipitated  in  the  cold  from  a  sufficiently  dilute  sola- 
tion  of  silver;  the  solubility  diminishes  as  the  flakes  shrink 
when  left  to  themselves,  or  as  they  are  rendered  pulverulent  by 
long  agitation  with  water.     Flaky  or  pulverulent  chloride  of 
silver,  dissolved  in  water  pure  or  acidified  by  nitric  acid,  is 
precipitated  by  the  addition  of  a  salt  of  silver  or  of  hydrochloric 
acid   or  of  an  alkaline  chloride."  ..."  The  solution  of  the 
chloride  is  wholly  eflfected  by  pure  or  acidified  water,  as  the  case 
may  be,  and  is  not  caused  by  the  soluble  salt  formed  simulta- 
neously with  the  chloride  of  silver.     The  presence  of  nitric  acid 
in  the  water  does  not  affect  the  solubility  of  flaky  chloride  of 
silver ;  but  it  increases  the  solubility  of  the  pulverulent  chlo- 
ride in  proportion  to  the  quantity  of  acid  present     The  precipi- 
tation of  the  dissolved  chloride  is  the  exclusive  result  of  its 
insolubility  in  the  solution  formed  by  adding  an  excess  either 
of  the  silver  salt  or  of  the  alkaline  chloride." 

So  also  in  Liebig  and  Kopp,  Jahresbericht,  1871,  339: 
"According  to  Stas,  the  granular  scaly  and  crystalline  chlo- 
ride is  wholly  insoluble  in  cold  water:  in  boiling  water  the  solu- 
bility is  comparatively  great,  but  decreases  rapidly  with  the 
temperature.' 

In  our  investigation  on  the  atomic  weight  of  antimony  we 
have  had  occasion  to  confirm  and  extend  these  observations  of 
Stas,  and  our  results  may  be  of  interest  as  showing  that  in  the 
very  familiar  method  of  determining  chlorine  by  precipitation 
with  nitrate  of  silver,  which  is  generally  supposed  to  be 
extremely  accurate,  a  sensible  error  may  arise  from  the  sola- 
bility  of  the  chloride  of  silver  in  the  hot  distilled  water  used  in 
washing  the  precipitate.  It  would  be  well  for  every  analyst  to 
make  the  following  very  striking  experiment,  which  will  ena- 
ble him  to  appreciate  the  extent  of  the  action  in  question. 

Take  from  five  to  ten  cubic  centimeters  of  pure  hydrochloric 
acid  and  precipitate  the  chlorine  in  the  usual  way  with  nitrate 
of  silver,  avoiding  a  large  excess.  After  pouring  off  the  super- 
natant liquid  and  washing  the  precipitate  once  or  twice  with 
cold  distilled  water,  pour  upon  the  white  flaky  chloride  of  sil- 
ver a  comparatively  large  volume  of  boiling  water.     As  soon 

*  Metallurgy  of  Silver  and  Gold.     Part  I,  page  60. 
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he  precipitate  settles,  pour  off  the  clear  hot  water,  dividing 
solution  between  two  precipitating  jars.     To  one  of  these 

a  few  drops  of  a  solution  of  nitrate  of  silver,  and  to  the 
jr  a  few  drop  of  hydrochloric  acid.  In  both  cases  a  pre- 
tate  of  chlonde  of  silver  will  fall,  and  most  chemists,  cer- 
ly,  will  be  surprised  at  the  effect;-  for  it  is  not  a  mere  turbid- 
i  that  results,  out  a  well-defined  precipitate,  whose  amount 
isily  estimated.  Successive  portions  of  boiling  water  poured 
D  the  precipitate  give  the  same  reaction.  In  one  experiment 
reaction  was  still  perceptible  in  the  fourteenth  wash-water. 
.  under  the  action  of  the  boiling  water,  the  precipitate 
^mes  crystalline  or  granular  and  the  action  lessens,  until  at 

the  water  does  not  dissolve  suflBcient  chloride  of  silver  to 
se  even  a  cloudiness  on  the  addition  of  nitrate  of  silver,  as 
.  described.  Mr.  G.  M.  Hyams,  a  student  in  this  labora- 
%  washed  two  different  portions  of  chloride  of  silver  with 
ing  water  until  the  action  ceased,  and  then  weighed  and 
mined  the  residue.  In  the  first  experiment,  1*4561  grams 
hloride  of  silver  were  washed  with  66  liters  of  water.  The 
>ride  of  silver  was  then  collected  and  found  to  weigh  1*2320 
ns.  Hence,  0*2241  grams,  corresponding  to  15*39  per 
b  bad  passed  into  solution.  In  the  secx)nd  experiment,  60 
"8  of  water  were  used,  and  16*03  per  cent  of  the  chloride  of 
er  originally  precipitated  were  dissolved.  These  numbers, 
rever,  are  only  approximately  accurate,  for  as  the  precipitate 
omes  granular,  it  settles  with  less  readiness,  and  there  was 
essarily  some  loss  in  filtering  off  so  large  a  volume  of  liquid, 
n  the  experiments  above  described  the  boiling  water  pro- 
ed  only  a  very  slight  decomposition  of  the  chloride  of  sil- 
The  precipitate,  granulated  by  the  washing,  readily  dis- 
'^ed  in  aqua  ammonia,  leaving  less  than  a  milligram  of  a 
ik  powder,  which  was  proved  to  be  metallic  silver, 
^he  solvent  power  of  water  on  freshly  precipitated  chloride 
jilver  did  not  appear  to  be  influenced  by  the  presence  of 
I  nitric  acid  even  in  large  quantities.  We  tried  the  effect 
h  of  dropping  the  nitric  acid  on  the  precipitate  before  pour- 
on  hot  water,  and  also  of  previously  adaing  nitric  acid  to 

boiling  wash-water.  We  used  amounts  of  nitric  acid 
=  1*355)  varying  from  five  to  two  hundred  cubic  centime- 

to  the  liter  of  water,  but  without  finding  any  marked  dif- 
ince  in  the  result. 

^he  presence  of  a  small  amount  of  nitrate  of  silver  in  the 
er  entirely  prevented  its  solvent  action,  so  far  as  we  could 
jover.  In  order  to  determine  the  limit  of  the  action,  we 
ed  different  quantities  of  nitrate  of  silver  to  the  boiling 
icr  before  pouring  it  on  to  the  precipitated  chloride  of  sil- 
.     With  one  centigram  of  nitrate  of  silver  to  the  liter  of 
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water,  there  was  a  marked  turbidness  od  subsequently  adding 
an  excess  of  the  same  reagent  to  the  filtrate.  W  ith  two,  three, 
or  even  four  centigrams  to  the  liter,  an  opalescence  coald 
still  be  distinguished,  although  constantly  aiminisbing  with 
the  increasing  amount  of  the  salt  With  five  centigrams, 
there  was  no  opalescence,  and  we  concluded  that  one  deci- 
gram of  nitrate  of  silver  to  the  liter  of  boiling  wash-water 
would  certainly  prevent  all  action. 

A  few  drops  of  hydrochloric  acid  added  to  the  wash-water 
greatly  diminishes  its  solvent  action  op  flaky  chloride  of  silver, 
out  does  not  wholly  prevent  it,  as  is  evident  from  the  fact  shown 
in  the  table  below,  that  hydrochloric  acid  does  not  precipitate 
chloride  of  silver  from  its  solution  in  water  nearly  as  eflFectually 
as  nitrate  of  silver;  and,  as  is  well  known,  hydrochloric  acid 
if  in  any  considerable  excess  exerts  a  strong  solvent  action  on 
the  precipitated  chloride. 

As  shown  by  Stas,  the  precipitation  of  chloride  of  silver 
from  its  solution  in  hot  water  by  the  reagents  we  have  named, 
depends  solely  on  the  change  which  the  reagents  produce  in 
the  solvent     That  the  action  is  an  example  of  simple  solution 
is  shown  by  the  fact  that  a  considerable  portion  of  the  chloride 
of  silver  dissolved  in  boiling  water  is  deposited  when  the  sol- 
vent cools.     This  phenomenon  is  a  striking  one  and  can  easily 
be  observed  by  pouring  into  a  glass  crystallizing  pan   some 
of  the  clear  solution  obtained  in    the   experiment  described 
above.     As  the  water  cools  it  becomes  cloudy  and  deposits  a 
granular    powder  which  adheres  to  the  bottom  of  the  glass. 
The  grains  are  usually  very  small,  but  if  the  solution  cools 
slowly  the  crystalline  form  can  readily  be  distinguished  under 
the  high  powers  of  a  good  microscope,  and  the  little  cubes 
present  all  the  characteristic  of  the  native  crystals  of  chloride 
of  silver.     It  is  evident,  therefore,  that  the  granular  condition 
of  chloride  of  silver  is  a  crystalline  condition,  and  this  experi- 
ment may  elucidate  the  manner  in  which  the  native  crystals 
are  produced. 

We  have  thus  far  only  spoken  of  the  solubility  of  chloride 
of  silver  in  boiling  water.  As  is  evident  from  the  crystalliza- 
tion just  described,  the  solubility  rapidly  diminishes  as  the 
temperature  falls;  but  even  at  the  ordinary  temperature  the 
solubility  is  distinctly  marked.  Luke-warm  water  poured  on 
and  off*,  freshly  precipitated  chloride  silver  becomes  decidedly 
opalescent  on  the  addition  of  nitrate  of  silver,  and  even  if  cold 
water  is  used  the  opalescence  is  perceptible. 

In  order  to  obtain  an  approximate  measure  of  the  effiectswe 
have  described,  Mr.  Hyams  precipitated  about  fifteen  grams 
of  chloride  of  silver,  and,  after  thoroughly  washing  it,  boiled 
the  precipitate  with  a  large  volume  of  water  in  a  glass  flask. 
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At  the  end  of  an  hour  he  decanted  through  a  filter  about  one 
liter  of  the  boiling  water,  and,  having  divided  the  filtrate  into 
two  portions,  he  added  to  one  portion  nitrate  of  silver,  and  to 
the  other,  hydrochloric  acid.  The  precipitated  chloride  of 
silver  was  in  each  case  collected  and  weighed.  At  the  end 
of  two  hours*  boiling,  two  other  portions  were  filtered  off  and 
treated  in  a  similar  way.  These  determinations  were  then 
repeated  with  a  fresh  quantity  of  chloride  of  silver,  and  after- 
wards taking  with  a  third  quantity  of  chloride  of  silver,  the 
boiling  water  was  simply  poured  on  twice  in  succession  and  the 
similar  portions  thus  obtained  treated  as  before.  The  results 
in  every  case  were  nearly  the  same  as  shown  in  the  following 
table.     In  this  table 

1  and  3  are  results  after  one  hour's  boiling  of  Ist  quantity. 
3  and  4   "        «  "     two  hours'      "        «     "  " 

5  and  6   "        "  "     one  hour's      "        "   2d  quantity,  etc. 

7  and  8  "        "  «     two  hours'      "        "     "  "         " 

9  and  10  after  simply  pouring  on  boiling  water. 
10  and  12     "        "  "         "        "  ** 

No.    Wght.  of  Water.  Wght.  of  AgCL  Wght.  of  AgOl        Precipitant. 

per  liter. 

1  523-6  gram.  O'OOll  00021  Nitrate  of  silver. 

2  4$9'6  0-0004  00009  Hydrochloric  acid. 

3  115-0  0-0002  0*0017  Nitrate  of  sUver. 

4  402*1  0-0004  0-0010  Hydrochloric  acid. 

0-0004  00018  •        Nitrate  of  silver. 

0-0004  00009  Hydrochloric  acid. 

00014  00020  Nitrate  of  silver. 

0-0007  00008  Hydrochloric  acid. 

00014  00020  Nitrate  of  silver. 

0-0007  .00009  Hydrochloric  acid. 

0-0011  00021  Nitrate  of  silver. 

00003  000 10  Hydrochloric  acid. 

If  we  assume  that  the  amount  of  chloride  of  silver  precipitated 
bv  nitrate  of  silver  under  the  conditions  described  above  is  a 
correct  measure  of  the  solubility  of  the  chloride,  it  appears 
from  the  above  determinations  that  about  two  milligrams  of 
chloride  of  silver  are  dissolved  by  each  liter  of  boiling  water, 
and  further  that  only  about  one-half  of  the  amount  thus  dis- 
solved is  precipitated  by  hydrochloric  acid. 

In  maKing  chlorine  determinations  it  is  a  very  common 
practice  to  wash  with  very  hot  water  in  order  to  secure  the 
prompt  settling  of  the  chloride  of  silver  or  to  wash  away  any 
occluded  material,  and  it  was  the  chief  object  of  this  investi- 
gation to  determine  the  extent  to  which  the  solubility  of  the 
chloride  in  distilled  water  might  effect  the  result.  For  this 
purpose  we  may  make  two  series  of  determinations  of  the 


5 

225-0 
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7 

696-4 
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825-4 
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700-4 

10 

747-2 

11 

520-9 

12 

287-5 
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chlorine  in  chloride  of  antimony ;  in  both  cases  precipitating 
with  nitrate  of  silver  the  chlorine  from  a  solution  of  the  chlo- 
ride of  antimony  in  tartaric  acid  and  water  with  the  usaal 
precautions.  But,  while  in  the  first  series  the  precipitated 
chloride  of  silver  was  washed  with  boiling  hot  distillea  water 
to  about  the  jjr^jruiF  according  to  Bunsen's  scheme;  in  the 
second  series  although  hot  water  was  also  used  in  washing,  one 
decigram  of  nitrate  of  silver  per  liter  was  added  to  each  suc- 
cessive portion  of  the  wash- water  poured  upon  the  precipitate, 
until  the  last  two  portions,  which  were  poured  on  cold.  By 
this  simple  device  the  advantages  of  washing  with  hot  water 
may  be  secured  while  its  solvent  action  is  prevented.  The 
results  are  given  in  the  following  tabla 


FiBST  Sbribs. 

ro. 

Weight  of  SbCli 
taken. 

Weight  of  AgOl 
t>btained. 

Per  cent  of  CI 
calculated. 

1 

2 

2*3856  gram. 
3-1300 

4*4784  gram. 
6-8712 

46*441 
46-407 

3 

3*4207 

6-4243 

46-462 

4 

60031 

9-3790 

Mean  yalue, 

Max.  diff.  flrom  mean, 

46-377 

46-422 
0*047 

Sboomd  Srbibs. 

\o. 

Weight  of  SbCl, 
taken. 

Weight  of  AgCl 
taken. 

Per  cent  of  CI 
calculated. 

I 
2 

3-4059  gram. 
3-6603 

6*4188  gram. 
6*9014 

46-624 
46*643 

3 

2*4762 

4-6658 

46*617 

4 

2*5567 

4-8212 
Mean  value, 

46*661 

46*634 

Max  diff.  from  mean. 

0*017 

Difference  between  means  of  two  series, 


0*212 


It  is  evident  from  these  results  that  when  great  accuracy  is 
required  the  solubility  of  chloride  of  silver  may  become  a 
very  serious  source  of  error  in  determinations  of  chlorine,  and 
in  our  investigation  *  of  the  atomic  weight  of  antimony  this 
was  the  chief  cause  of  the  discrepancy  between  the  analyses 
of  chloride  of  antimony  on  the  one  hand  and  the  bromide, 
iodide  and  sulphide  of  antimony — analyses  of  which  closely 
agreed  among  themselves — on  the  other  hand.  It  was  shown  in 
the  paper  just  referred  to  that,  although  the  greatest  care  was 
taken  in  purifying  the  material,  the  chloride  of  antimony  used 
actually  left  behind  on  evaporation  a  sufficient  amount  of  oxi- 
chloride  to  reduce  the  per  cent  of  chlorine  0*1 16. f     The  mean 


♦  This  Journal,  III,  xv,  41. 


t  Thi9  Journal,  III,  xv,  118. 
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sails  which  we  actually  obtained  from  seventeen  analyses  of 
loride  of  antimony  was  46*620,  and  when  to  this  we  add 
512  and  0116  the  sum  is  46-948,  which  differs  from  47-020— 
e  theoretical  value  when  Sb  =120,  and  CI  =85*5 — by  only 
)72.  In  this  estimate  we  leave  out  of  the  account  the  known 
Ivent  action  on  chloride  of  silver  of  the  tartaric  acid  used 

keep  the  antimony  in  solution.  This  must  equally  affect 
th  of  the  series  of  determinations  given  above  and  fully 
CK>ants  for  the  small  difference  that  remains  to  be  explained, 
lis  whole  discussion,  however,  only  serves  to  connrm  the 
nclusion  previously  expressed,  that  chloride  of  antimony  is  a 
)st  unsuitable  material  for  the  basis  of  an  atomic  weight 
termination,  and  having  explained  the  anomaly  to  which  we 
ve  prominence  in  a  previous  paper  we  shall  here  take  leave 

the  subject  We  have  also  studied  the  solubility  of  bro- 
de  of  silver  in  water,  but  this  is  so  small  that  we  found  it 
[ficult  to  measure  the  .amount  In  water  at  the  ordinary 
nperature,  or  even  in  tepid  water,  bromide  of  silver  is  prac- 
ally  insolubla  In  boiling  water  it  is  perceptibly  soluble 
t  not  more  so  than  is  chloride  of  silver  in  water  at  the  ordi- 
ry  temperature.  Hence  the  determination  of  bromine  does 
t  require  the  same  precautions  and  is  susceptible  of  greater 
[curacy  than  that  of  chlorine  ;  and  on  this  account,  as  well  as 
r  other  reasons  which  we  have  previously  discussed,  the 
)raic  weight  of  antimony  can  be  deduced  from  the  analyses 

the  bromide  of  antimony  with  as  great  accuracy  as  can  at 
esent  be  reached  in  such  determinations.  In  the  seven  deter- 
i nations  of  the  per  cent  of  bromine  in  bromide  of  antimony 
bich  we  have  published,*  the  maximum  difference  from  the 
ean  value  66*6651  was  only  0*0045,  and  Professor  Mallet  in 
s  analyses  of  bromide  of  aluminum  has  obtained  with  the 
ime  method  a  similar  degree  of  accuracy.f 

In  conclusion  we  would  again  express  our  obligations  to 
[r.  G.  M.  Hyams,  who  has  assisted  us  in  the  work  of  this 
ivestigation. 

♦This  Journal,  III,  xix,  386. 

t  PhUosophical  Transactions,  Part  III,  1880,  1022. 
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Art.    XXIX. — Papers   on    Thermomeiry  from   the    Wvichesler 
Observatory  of  Yale  College;  by  Leonard  Waldo. 

[OoQtinued  from  page  61.] 

The  observation  of  the  freezing  point  of  "Kew  586"  for 
Nov.  2d,  is  not  entitled  to  the  weignt  of  the  ones  made  Dec 
1st  because  it  was  made  by  the  eye  alone,  while  the  readings 
for  Dec.  1st  depend  on  the  cathetometer. 

We  may  assume  therefore  that  the  constants  of  these  stan- 
dards for  the  present  are  as  follows : 


Kew  578. 

Kew  584. 

Kev  5«. 

Correction  at  the  permanent  freezing 
point 

o*'-oo 

+  0'10F. 

0°00 

Correction  at  the  boiling  point 

+  0''-03  C. 

+  0**-20F. 

+  0^14  C. 

Depression  of  the  freesdng  point  after  an 
exposure  to  the  boiling  point 

0'18  C. 

O'^^S  P. 

0'-22  C. 

These  are  the  constants  which  have  been  inserted  in  the 
formulae  for  computing  the  corrections  to  the  Kew  thermometer 
readings.  I  shall  now  investigate  the  constants  of  the  ther- 
mometers similar  to  the  standards  of  the  "Kaiserliche  Normal- 
Eichungs-Kom mission"  and  which  have  been  carefully  com- 
pared with  these  standards  through  the  kindness  of  Dr.  Foerster 
m  Berlin.  These  thermometers  were  made  by  R.  Fuess,  and  I 
cannot  better  describe  them  than  by  giving  their  dimensions  in 
the  following  table  and  then  adding  a  free  translation  from  the 
"  Bericht  liber  die  wissenschaftlichen  Instruraente  auf  der 
Berlin  Gewerbeausstellung  im  Jahre,  1879,"  pages  218  and  214. 


DesisrnatloD. 


How  graduated 

Lenjfth  of  l"" 

Smallest  prraduation 

Length  of  tube 

Outside  diameter  of  tube 

Shape  of  bulb 

Length 

Diameter 


R.  Fnes8,  Berlin, 

89. 

R, 

FneM,  Berlin.  50. 

-6"  to  +105" 

c. 

^^ 

2"  to  +105°C. 

415  ™» 

4-05  ""■ 

0-1 

0=2 

650  «"' 

573  •»" 

12    """ 

12    "»™ 

Cylindrical. 

CylindricaL 

15  """ 

12  """ 

5.5  mm 

5.5  mm 

* 


'*  Fuess  has  succeeded  in  devising  a  construction  for  ther- 
mometers which  is  free  from  all  those  imperfections,  and  com- 
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tiffness  with  elegance  of  form.     Any  displacdmeot 

and  all  slipping  or  bending  of  the  capillary  tube 
,  and  it  ia  poesihie  for  the 
,  the  capillary   tube  and  the   | 
to   expand   independently   of 
e  others.      Ttie  normal  ther- 
ade  by  Fuess  which  Profeasor  | 
Petersburg  describes*  'as  tbe  I 
16  has  '  up  to  this  time  become  i 
vith,'  were  made  according  to  I 
jtion,  which  is  protected  by  | 
.—P.  Na  889)." 
)  shows  a  thermometer  of  tbia 
■How  filasa  cup  b„  open  at  the 
etically  sealed  to  the  so-called 
surroanding  tube.     The  upper 
cap  is  deeply  indented  in  two 
T  opposite  ptaces,  so  that  the 
tioDS  offer  a  sure  bed  for  the 
To  the  glass  top  of  the  ther- 
;re  is  a  similar  nzed  cup  b„  ^ 
sealed,  the    indentations   of  I 
3trically  opposite  to  each  other,  | 

upper  end  of  the  scale.  To  | 
le  in  its  place  there  ia  a  spring  I 
een  it  and  the  cup  6„  which  1 
jes  the  scale  against  its  lower  1 
-.  hindering  its  expansion.  The  I 
)e  r  passes  freely  through  the 

but  is  guided  by  loops  p  of 
ire  as  fine  as  hairs,  which  are 
,gh  minute  boles  in  the  scale; 
out  hindrance  from  the  loops  p 

expand  but  cannot  bend." 
these  standards  are   exquisite 
if  the  glass-blower's  skill,  and 
t  upon  the  artist  who  made  them.     They  f 
inveniences  of  this  form   of  mounting,  in   being 
ler  Art.  10  dea  Programmes  der  zweiten  inteniBticinaleD  Ueteorolo. 

in  Rom.,  St.  Petersburg,  I87B,  S.  S.  The  remark  there  mtde  that 
etera  are  co[i£triict«d  '  partly  according  to  Mr.  Peroet's  deaigns' 
irsally  miaunderatood,  and  M  the  clearing  up  of  Chia  misappreheD- 
H  been  given  on  another  page,  the  writer  hopes  to  contribute  by 
illowing  Btatement  derived  from  his  own  recollection. 
[  the  year  IB'IS  there  had  a  rivalry  arisen  between  the  members  of 
hungs-Kommiseiotiand  the  mechanics  who  made  the  last  thermom- 
ig  e  sure  fastening  for  the  scales  of  normal  thermometers,     '™''~ 
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easily  read  and  in  the  certainty  with  which  the  eye  maybe 
so  placed  that  the  readings  have  no  sensible  parallax.  They 
seem  to  leave  little  to  be  desired  unless  it  be  calibrating 
chambers  at  the  upper  ends,  in  order  that  the  observer  may 
easily  separate  just  tne  length  of  the  mercury  column  he  may 
wish  for  calibration.  Still  it  is  generally  possible  to  separate  a 
column  of  about  the  length  desired,  with  a  little  patience. 

The  following  is  a  resumd  of  the  results  obtained  by  Dr. 
Foerster  at  Berlin  in  the  determinations  of  the  constants  of 
these  standards.  These  results  are  reduced  to  latitude  46®,  a 
barometric  pressure  of  760mm.  and  to  the  level  of  the  sea. 


Correction  at  the 

CorrACtlon  &t 

Correctiioo  at  die 

Date. 

Thermometer. 

Freedna:  Point 

after  expoBare«to 

0»  C. 

the  Boiling 
Point. 

Freextn«  Point 
after  ezpotiire  to 

1880.    June  4 

Fiiess  50 

-  o^iea 

8 

(( 

-  0170 

■»  w  «  M 



8 

(1 

»  •  •  «• 

-  0**036 

+  o'-iis 

n 

ti 

«  V  V  « 

-  0012 

+  0135 

17 

(( 

«•■■*« 

-  0011 

+  0-136 

Sept.  17 

(( 

-018 





June  4 

FuesB  89 

—  0-334 

8 

t( 

-  0-347 

•    •     «    V 



8 

K 

V      V      M     • 

-  0-027 

0-000 

17 

(( 

W     W     •       V 

-  0023 

-  0-006 

17 

it 



-  0-047 

-  0023 

Sept.  17 

il 

-  0-37 



_--. 

And  Dr.  Foerster  further  finds  that  the  depression  of  the  freez- 
ing point  after  an  exposure  to  the  boiling  point  is  for 

Fuess  50  =  0'-35  C. 
Fuesa  89  =  0*'-32  0. 

Dr.  Foerster  made  a  careful  determination  of  the  corrections 
to  be  applied  to  the  Fuess  thermometers  owing  to  the  errors  of 
calibration  for  each  consecutive  degree.  These  tabular  correc- 
tions are  computed  for  a  freezing  point  of  +0°*37  in  the  case  of 
Fuess  89  and  of  4-0°-18  in  the  case  of  Fuess  50. 

from  the  report  of  which  Professor  Neumayer's  account  contains  an  extract.    In 
the  spring  of  1877  a  thermometer  was  injured,  in  the  calibration  and  comparison 
of  which  much  trouble  had  been  taken,  and  Dr.  Pernet,  who  was  then  active  in 
the  Commission,  became  quite  interested  in  this  question.    He  attempted  to  obtain 
a  sure  fastening  for  the  scale  by  using  various  kinds  of  cement,  and  attempted, 
among  other  things,  to  obtain  an  unchangeable  position  of  the  capillary  tube  and 
the  scale  by  making  a  small  mark  on  the  former,  and  fastening  it  opposite  a  small 
mark  on  the  scale.     About  the  same  time  Fuess  conceived  the  new  and  stailcingf 
idea,  not  to  fasten  the  scale  directly,  but  only  to  place  it  immovably  in  a  firm, 
resting  place.      Later  he  tried  to  carry  out  this  idea  without  the  use  of  any 
cement,  by  a  construction  made  entirely  of  glass.    The  use  of  platinum  tbreate 
as  guides  for  the  capillary  tube  on  the  other  hand  is  an  invention  of  Dr.  Pernet,** 
— Dr,  L,  Laewenherz. 
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After  we  had  received  these  thermometers  we  made  the 
following  determinations  of  the  freezing  point  corrections: 


Date. 

FneuSO. 

FneMW. 

1880.  Sept  21 
28 

Oct.  16 
28 

Nov.  26 

-  0**-20 
-0-20 
-0-20 

-0'-40 
-0-40 
-0-40 
-0-46 
-0-43 

from  which  it  will  be  seen  that  the  thermometers  are  slowly 
increasing  their  freezing  point  readings  with  time.  We  may 
assume  the  following  as  the  corrections  at  the  dates  given. 


Date. 

FueasSO. 

FaeM80. 

KewBIS. 

1880.    June 
Sept 
Nov. 

-  0^-n 

-0-18 
-0-20 

-  0'*-36 
-0-37 
-0-41 

o'-oo 

000 
0-00 

The  thermometer  Fuess  50  had  a  part  of  its  upper  scale 
support  (the  front  lip  of  m  in  the  figure)  broken  m  coming 
from  Germany.  '  This  does  not  affect  the  accuracy  of  its  read- 
ings, I  think,  but  in  order  to  obtain  a  comparison  up  to  40®  C. 
between  a  Kew  and  a  Fuess  standard  I  have  chosen  the  ther- 
mometer Fuess  89,  which  reads  to  0°'l  and  is  in  excellent  con- 
dition, and  the  Kew  standard  578,  of  which  the  errors  are 
extremely  small. 

In  the  following  comparison  the  readings  have  been  freed 
from  the  zero  and  100°  point  errors,  as  well  as  those  arising 


Date. 

FaeM89. 

KewSTO. 

F.89— K.578. 

1880.    Sept  28 

l0'-67  C. 

10-62  C. 

+  0°06  C. 

21 

10-81 

10-76 

+  0-06 

28 

16-24 

1609 

+  0-16 

21 

21-14 

21-00 

+  0-14 

28 

21-36 

21-20 

+  016 

Oct.   28 

21-80 

21-64 

+  016 

28 

21-81 

21-66 

+  0-16 

Sept  21 

24-21 

2403 

+  0-18 

28 

26-60 

26-46 

+  0-16 

21 

31-66 

31-60 

+  016 

28 

321'7 

32-00 

+  0-17 

Oct   28 

32-67 

32-50 

+  0-17 

28 

33  31 

3316 

+  016 

Nov.  26 

3408 

33-90 

+  018 

26 

34-21 

3400 

+  0-21? 

Sept  28 

37-31 

3716 

+  0-16 

28 

42-40 

42-26 

+  016 

2S0  ^'  ^  Mendeiihall — Coefficient  of  Expansion 

from  imperfect  calibration.  Both  standards  had  been  kept  for 
toree  months  previously  hanging  in  a  room  whose  temperature 
atfrer  exceeded  80°  C.  The  comparison  therefore  represents 
^  vvnnpdiridon  of  a  stem  graduated  Kew  standard  with  a 
^,^;^}i^)n^'>alO'graduated  normal  of  the  German  form,  up  to 
^  "^  C  It  i«%  however,  only  preparatory  to  a  more  rigorous 
vvnnin^'^)^  of  the  scales  of  two  Kew  and  two  Fuess  standards 
^>^T^-n  iV^  and  100°  C. 

^-  «^M  not  occur  to  me  until  after  these  thermometers  had 
^^«r  )>miUh)  that  the  discrepancy  could  be  so  great  as  it  is 
Vr«vy>!A  ihese  standards,  and  therefore  there  are  no  compari* 
siv\x  Mweon  0°  and  10°  recorded  in  our  note  books  until  after 
iK^  rSMTinometers  had  been  exposed  to  V  0°  C.  I  shall  recur 
«>^  jcV^  (H)int  in  the  continuation  of  the  paper. 

[To  be  continued.] 


V»!^i\  XXX. — On  the  Determination  of  the  Coefficient  of  Ex- 
KMnsion  qf  a  Diffraction  grating  by  means  of  the  Spectrum; 
\\y  T.  C.  Mendenhall,  of  Tokio,  Japan. 

In  all  precise  measurements  of  wave-lengths,  a  correction 
ft»r  variations  in  the  temperature  of  the  grating  is  very  essen- 
tial. If  the  ruling  be  upon  glass  the  coefficient  of  expansion 
rtv4ulting  from  any  of  the  many  well  known  determinations 
may  be  accepted  as  sufficiently  accurate,  because  it  is  not 
Ihi'^c  and  because  the  results  do  not  diflTer  much  among  them- 
selves. Neither  of  these  statements  can  be  made,  however, 
oonoerning  a  ruling  upon  metal.  Many  of  the  beautiful  grat- 
ings produced  within  a  few  years  upon  Mr.  L.  M.  Rutherfurd's 
engine,  are  upon  an  alloy  of  tin  and  copper.  As  far  as  I  have 
l)(;en  able  to  learn,  the  coefficient  of  expansion  of  this,  alloy 
has  not  previously  been  determined,  and,  not  being  able  to 
make  use  of  any  other  method,  a  series  of  experiments  was 
made  for  the  purpose  of  obtaining  the  desired  result  from  the 
spectrum  itself. 

From  the  well-known  equation 

A.  =  «  fiiii  b 

in  which  i  represents  the  wave-length,  .s,  the  distance  between 
the  centers  of  two  adjacent  lines  upon  the  grating  and  b  the 
angle  of  deviation,  we  easily  obtain  the  following: 

—  =  —cot  b  6  b 

8 


from   which   it  appears  that,  in  order  to  determine   the  co- 
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of  expansion,  it  is  not  necessary  to  know  either  the 
ngth  of  the  line  upon  which  the  measurements  are 
:  the  value  of  the  grating  space. 

rtunately  there  are  considerable  difficulties  in  the  way 
direct  application  of  this  formula.  It  is  not  easy  to 
3  any  plan  by  means  of  which  the  temperature  of  the 
can  be  variea  by  any  considerable  and  known  amount, 
the  same  time,  to  insure  that  these  changes  in  tempera- 
ill  not  be  accompanied  by  even  a  slight  shifting  of  the 
1  of  its  plane  in  relation  to  the  collimating  telescope, 
omplish  the  first  of  these  results,  a  box,  measunng 
3  cm.  long,  5  cm.  wide,  and  8  cm,  deep,  was  cut  out  of 
block  of  wood,  and  of  this  box  the  grating  was  made 
5  as  one  of  the  longer  sides.  The  box  was  made  water- 
.nd  a  thin  layer  of  paint  along  the  edges  to  which  the 

was  applied  was  sufficient  to  prevent  leakage  at  that 

The  grating  was  bound  to  the  wooden  box  by  two 
unning  one  about  the  upper  and  the  other  about  the 
ortion.  This  box  was  placed  upon  a  thin  slab  of  wood, 
3what  larger  size,  through  whicn  passed  three  levelling 

and  the  whole  was  then  placed  upon  the  table  of  the 
meter  and  properly  adjusted.  A  similar  box,  made  of 
^ith  the  grating  sealed  in  as  one  side,  was  first  used, 
^as  promptly  rejected  on  account  of  a  tendency  to  shift 
ition  slightly  at  each  change  of  temperature.  It  is 
d  that  the  use  of  wood  obviated  this  difficulty  to  a 
xtent  When  adjusted  so  that  its  plane  was  over  the 
of  motion,  normal  to  the  collimator,  etc.,  the  box  was 
ith  water,  in  which  was  held  a  thermometer  graduated 
3.,  and  capable  of  being  read  with  considerable  certainty 
Iredths.  The  grating  used  was  ruled  with  8648  lines  to 
h.  The  line  set  upon  was  one  due  to  iron,  wave  length 
5913,  situated  about  14'  or  16'  away  from  D,  the  spec- 
eing  of  the  fourth  order.  The  micrometers  upon  the 
;  microscopes  were  divided  to  single  seconds,  and  the 
were  easily  estimated.  The  set  upon  the  line  was 
rhen  the  thermometer  indicated  something  like  a  con- 
3mperature,  and  then  a  portion  of  the  water  was  re- 
and  replaced  by  other  at  a  higher  or  lower  temperature 
desired.  It  was  found  desirable  to  confine  the  tempe- 
within  a  moderate  range.  By  working  a  few  degrees 
md  below  the  temperature  of  the  room,  it  was  easier  to 
constancy  for  a  brief  period  at  both  points,  and  the 
meter  would  be  much  more  likely  to  represent  the  real 
ature  of  the  grating.  In  addition  to  this,  considerable 
3  in  temperature  were  much  more  likely  to  be  accom- 
by  a  shitting  of  the  plane  of  the  grating. 
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Twenty  measurements,  in  all,  were  made,  the  range  of  tem- 
perature varyinff  from  5°  C.  to  16°  C.  From  these  the  follow- 
ing result  was  obtained : 

(yd  =  6"-66db0"*13. 

The  probable  error  is  larger  than  would  be  desirable,  and  a 

?pod  deal  of  irregularity  in  the  results  is  to  be  attributed  to  tbe 
act  that  we  cannot  be  quite  sure  that  the  thermometer  gave 
the  true  temperature  of  the  grating  and  also  to  slight  shif tings 
in  the  plane  of  the  grating,  which  doubtless  sometimes 
occurred.  Indeed,  it  is  hoped  and  expected  to  secure  a  more 
accurate  value  by  making  a  very  exact  determination  of  the 
position  of  the  line  in  the  winter,  and  then  again  in  the  summer 
when  the  diflPerence  in  temperature  may  amount  to  as  much  as 
15°  C,  and  in  this  we  shall  be  almost  entirely  free  from  both  of 
the  principal  sources  of  error. 

From  the  above  value  the  coeflScient  of  expansion  is — 

B  =  -0000202, 

with  a  probable  error  of  a  little  more  than  two  per  cent  of  the 
whole.  As  spectrum  observations  are  generally  made  within  a 
small  range  of  temperature,  this  value  is,  perhaps,  sufficiently 
accurate  for  their  correction.  I  am  unable  to  refer  at  present 
to  any  determinations  of  the  coefficient  of  expansion  oi  alloys 
similar  to  this  which  contains  eight  parts  of  tin  to  seventeen 
parts  of  copper.  Most  authorities  agree  fairly  as  to  the  co- 
efficient for  copper,  but  as  to  tin  there  is  a  considerable  range— 
from  -0000217  to  0000248.  It  is  difficult,  therefore,  to  deter- 
mine  what  the  coefficient  for  this  alloy  ought  to  be,  but  I  ven- 
ture the  opinion  that  the  above  result  is  more  likely  to  be 
too  high  than  too  low. 
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SCIENTIFIC    INTELLIGENCE 

I.  Chemistry  and  Physics. 


1.  On  the  Density  of  Iodine  Vapor. — Shortly  after  Victor 
Meyer's  discovery  that  at  high  temperatures  iodine  vapor  had  a 
density  two-thirds  of  its  normal  value,  Crafts  and  Meier 
studied  the  subject  and  found  that  this  density  decreased  regu- 
larly from  660°  to  1350°.  Subsequently  Meyer  repeated  his  ex- 
periments, using  Crafts'  method  of  measuring  the  temperature, 
and  found  that  at  a  very  high  temperature,  the  value  approached 
one-half  of  the  normal  density.  The  numbers  obtained  in  the 
two  investigations  differed  considerably,  however,  especiallv  at 
1050°,  at  which  point  Meyer  found  5*83  and  Crafts  and  Meier 
7*1.  More  recently  Troost  obtained  5*7  at  1250°;  from  which 
Meyer  concluded  that  Dumas'  method  should  give  the  same  re- 


Chemistry  and  Physics,  2S8 

nilt  us  bis  own.     But  the  influence  of  tension  upon  dissociation 
m  BO  considerable,  that  Crafts  and  Meier  undertook  an  investiga- 
tion of  tbe  variation  of  tbe  density  of  iodine  vapor  with  the  ten- 
Bon  as  well  as  tbe  temperature.     They  have  now  given  tbe  results, 
■ome  of  tbem  graphically  in  tbe  form  of  curves,  in  which  the 
ordinates  represent  densities,  the   abscissas  temperatures.     The 
dennties  are  in  all  cases  referred  to  air  at  the  same  temperature 
and  pressure  as  unity.     These  plottings  show  (1)  that  up  to  355° 
all  tiie  carves  are  contained  m  a  single  line  parallel  to  tbe  axis 
of  abscissas,  and  tbe  density  is  normal ;    (2)  that  with  rising 
imperatare,  the  variation  is  more  rapid  up  to  the  middle  of  each 
fsunre,  then  it  diminishes  and  becomes  zero  at  the  highest  tempe- 
latare,  so  that  under  low  tensions  the  density  becomes  constant 
again  at  1400®  to  1520°,  being  then  equal  to  one-half  the  normal 
falae;    and  (3)  that  the  curves   which   depart  first  from   tbe 
siraigbt  line  and  which  first  unite  again  to  form  tbe  high  tempera- 
tare  line  are  those  which  represent  the  lowest  tensions.     These 
results  explain  tbe  discrepancies  before  observed,  and  appear  to 
oonfirm  the  hypothesis  already  advanced  by  the  authors,  that  at 
bw  temperatures  iodine  exists  molecularly  as  I,  and  at  high  tem- 
peratures atomically  as  I;  and  that  the  variations  of  density 
with  temperature  and  pressure  correspond  to  a  progressive  dis- 
aoeiaiion. —  C.  iS.,  xcii,  39,  Jan.,  1881.  g.  f.  b, 

2.  lUsearehes   upon    Ozone, — Hautefkuille    and    Chappuis 
liaTe  presented  to  the  Chemical  Society  of  Paris  a  valuable  me- 
moir upon  ozone.    They  first  studied  tbe  effect  of  temperature 
and  pressure  on  the  transformation  of  oxygen  into  ozone,  using 
tlie  ^ent  discharge  for  this  purpose,  in  the  apparatus  of  Berthe- 
lot.     At  760  mm.  pressure  0*106  of  ozone  by  weight  was  formed 
at  20%  0-149  at  0°  and  0-214  at  —23°.     Under  180  mm.  pressure, 
the  quantity  was  0-089  at  20°,  0-137  at  0°  and  0-181  at  —23°. 
Next  the  effect  of  mixture  with  other  gases  was  investigated, 
and  it  was  found  that  while  at  0°  no  effect  was  observed,  at  —23° 
tbe  amount  of  ozone  was  increased  to  0*216  when  the  oxysen 
was  mixed  with  four  times  its  volume  of  nitrogen,  and  to  0-240 
when  twice  as  much  nitrogen  was  present.     Hydrogen  and  sili- 
eon  tetrafluoride  increase  still  more  the  quantity  of  ozoneJ|^The 
iQthors  then  examined  the   physical  properties  of  ozone,  the 
density  as  determined  by  Soret,  and  the  heat  of  formation  by 
Berthelot  being  tbe  only  data  heretofore  known.     The  produc- 
tion of  a  gaseous  mixture  containing  21  per  cent  of  ozone — which 
ii  permanent  at  —23° — enabled  the  authors  to  obtain  interesting 
malts  on  compressing  it.     The  oxygen  cooled  by  methyl  chloride, 
was  ozonized  and  placed  in  the  compression  tube  of  a  Cailletet 
tpparatus,  care  being  taken  to  keep  the  temperature  at   *23°. 
Od  working  the  pump,  the  first  few  strokes  developed  an  azure 
Hue  color  in  the  tube,  which  deepened  as  the  compression  in- 
creased till  under  a  pressure  of  several  atmospheres,  it  became 
indigo-blue.     Cooling  the  tube  to   —  88°  by  immersion  in  liquid 
byponitrous  oxide,  the  color  became  three  or  four  times  darker. 
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Upon  filling  a  tube  a  meter  long  with  the  ozonized  oxygen  at  i 
ordinary  pressure,  and  looking  through  it  at  a  white  surface, 
gas  was  seen  to  have  a  sky-blue  color,  darker  as  the  amount 
ozone  was  greater ;  thus  proving  ozone  to  be  a  colored  gas.  ^ 
question  next  arose,  is  liquid  ozone  colored  ?  By  a  sudden 
pansion  from  a  pressure  of  76  atmospheres  at  —  23°,  a  thick  n 
was  momentarily  produced  (this  result  not  taking  place  with  o 
gen  below  300  atmospheres).  Compression  to  200  atmosphere 
a  temperature  of  -^88  did  not  give  on  expansion  any  visible  liqi 
By  adding,  however,  carbon  dioxide  gas  whose  point  of  \\(\ 
faction  is  not  far  from  that  of  ozone,  a  liquid  layer  was  obtain 
blue  in  color  and  not  differing  in  shade  from  the  gas  above 
When  slightly  expanded  and  then  immediately  compressed, 
azure  blue  liquid  is  obtained  much  deeper  in  color  than  the  ^ 
the  cooling  produced  by  the  expansion  reducing  the  temperat 
of  the  ozone  below  its  critical  point.  Hence  a  mixture  oi  oxyi 
and  ozone  containing  above  50  per  cent  of  the  latter  gas  a 
pressed  below  —  88°  would  give  drops  of  a  dark  blue  liquid.  *! 
mixture  of  ozone  and  oxygen  should  be  compressed  slowly  ^ 
care  and  be  well  cooled ;  otherwise  the  ozone  is  decompo 
with  detonation.  It  must  therefore  be  classed  with  explosii 
since  Berthelot  has  shown  that  24  grams  of  oxygen  absorbs  1 
calories  in  conversion  into  ozone.  Finally,  the  authors  made 
of  this  blue  color  of  ozone  to  ascertain  whether  the  products 
the  decomposition  of  carbon  dioxide  by  the  silent  discharge,  c 
tained  this  gas.  Upon  compressing  the  products  of  the  action 
the  electric  discharge  upon  carbon  dioxide  in  a  Cailletet  ap 
ratus,  not  only  was  a  colored  gas  obtained,  but  the  undecompoi 
CO,  liquefied  and  became  blue. — Bull,  Soc,  Ch,y  II,  xxxv,  2,  Ja 

1881.  Q.  F.  R 

3.  On  the  Chlor-hyponitric  acid  of  Oay  Imssoc, — Goldschmi 
has  submitted  to  examination  the  product  obtained  by  Gay  L 
sac  by  distilling  aqua  regia,  and  called  by  him  "  acide  hypoch 
ronitrique."  Three  parts  of  hydrochloric  acid  of  sp.  gr.  1-16  w 
mixed  with  one  part  of  nitric  acid  of  sp.  gr.  1  '36  and  submitt 
to  distillation  on  the  water  bath.  Tne  evolved  vapors  w( 
passed  first  through  an  empty  flask,  then  through  a  chloride 
calcium  tube  and  finally  condensed  in  small  flasks,  placed  ii 
mixture  of  calcium  chloride  and  ice,  which  were  subsequent 
sealed.  Weighing,  before  and  after,  gave  the  quantity  of  liqi 
in  them.  Breaking  the  flask  under  water  decomposed  the  liqt 
and  in  the  resulting  solution  the  chlorine  was  determined  a 
found  to  vary  from  60-77  to  68-23  per  cent,  the  formula  N0( 
requiring  70*30  per  cent.  On  fractioning  this  distillate,  thi 
portions  were  obtained  containing  respectively  58*89,  56*91,  56* 
per  cent  CI,  the  formula  NOCl  requiring  54*2.  The  first  disi 
late,  therefore,  was  evidently  a  mixture.  To  determine  wheth 
the  gases  as  evolved  from  the  aqua  regia  contained  uitros 
chloride  and  chlorine,  or  nitrosyl  chloride  and  chlorhyponiti 
acid,  or  all  three,  their  vapor  density  was  determined  and  foui 
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»e  2*858,  2*885  and  2*350  in  three  experimentB,  the  total  chlo- 

present  being  80*5,  81*6  and  78*9,  per  cent.  Hence  it  can- 
be  a  mixture  of  NOCl  and  NOCl,.  If  a  mixture  of  NOCl, 
CI,  then  from  the  above  data  there  would  be  3  molecules  free 
to  4  molecules  NOCl  which  would  give  a  vapor  density  of 
9.  If  a  mixture  of  5rOCl  and  CI,  it  would  contain  6  mole- 
8  free  CI  to  4  molecules  NOCl,  giving  a  vapor  density  of  2*3'72 
r  near  that  actually  found.  The  first  distillate  had  a  vapor 
sity  of  2*315,  which  taken  in  connection  with  its  content  of 
►rine,  68*4  per  cent,  shows  it  to  be  a  mixture  of  NOCl  and 
Hence  Gay  Lussac^s  chlor-hyponitric  acid  is  a  mixture  of 
osyl  chloride  with  a  varying  proportion  of  absorbed  chlorine 
— Liebig*s  Ann,^  ccv,  372,  Nov.,  1880.  G.  p.  b. 

.  On  Mercuric  Fulminate  and  its  Decomposition, — Bkrthe- 

and  ViEiLLK  have  studied  the  properties  and  conditions  of 
3mpo8ition  of  mercuric  fulminate.  Their  material  was  that 
1  in  the  service  and  it  gave  on  analysis  numbers  agreeing 
1  the  formula  C,N,HgO,.  Its  decomposition  products  were 
^rmined  by  exploding  about  three  grams  of  it  electrically  in  a 
I  eprouvette,  previously  filled  with  pure  dry  nitrogen  under 
wn  pressure  and  temperature.  As  a  mean  of  five  experiments, 
gram  gave  234*2  c.  c.  of  gas,  theory  requiring  236*8.  In  100 
imes  this  gas  contained  HCy  and  CfO,  0*15,  CO  66*70,  N  32*28 
tic  2*04  :  1)  and  H  187.  Hence  the  reaction  is:  C,N,HgO 
CJO),+N,-}-Hg-  It  appears,  therefore,  that  no  compound 
able  of  dissociation  is  formed,  and  that  consequently  no  grad- 

reunion   takes  place   capable  of  moderating  the  expansion 

Lhe  gas  and  of  diminishing  the  violence  of  the  initial  shock. 

ice  the  energj  of  the  explosion.     The   heat  produced   was 

isured  by  placing  the  eprouvette  in  the  above  experiments  in 

water  of  a  calorimeter.     As  a  mean  of  the  five  experiments, 

gram  gave  403*5  gram-degrees;  a  quantity  of  heat  which 
>lied  to  the  products  of  the  detonation  would  heat  them  to 
rly  4200°.  From  these  data  the  heat  of  formation  may  be 
iulated :  C,  (diamond)  +N,+0,+Hg  (liquid)  =C,N,HgO,  aV 
b851*6— 114*5=  —62-9,  which  is  negative  as  would  be  expected, 
nee  the  heat  resulting  from  •  its  explosion  has  two  sources: 
St,  the  separation  of  its  elements ;  and  second,  the  union  of  the 
bon  and  oxygen  to  form  (JO.  In  contact  with  air,  more  heat 
fvolved  because  the  CO  burns  to  CO,;  but  the  force  of  the 
plosion  is  not  increased  thereby,  since  this  combustion  follows 

When  mixed  with  potassium  chlorate  or  nitrate,  the  amount 
leat  is  doubled ;  but  the  initial  force  of  the  explosion  is  modi- 
l  hj  the  dissociation  of  the  carbon  dioxide,  so  that  the  total 
^ct  18  less  than  before.  The  pressures  developed  by  the  explo- 
Q  were  measured  in  a  special  eprouvette  called  a  "  crusher," 
means  of  the  compression  produced  upon  a  cylinder  of  copper, 
ith  2*43  grams  fulminate,  the  pressure  developed  was  477 
aerams  per  square  centimeter.  With  4*86  grams,  1730  kilos, 
ith  7*39  grams,  2697  kilos.  And  with  9*72  grams,  4272  kilo- 
M.  Joim.Soi.— Third  Sbribs,  Vol.  XXI,  No.  123.— March,  1881. 
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grams.  Hence,  though  sudden,  the  pressure  produced  by  the 
explosion  is  not  very  great ;  that  produced  by  gun  cotton  being 
nearly  twice  as  great,  and  that  produced  by  dynamite,  containing 
75  per  cent  of  nitroglycerin,  being  about  the  same.  The  effective- 
ness of  the  fulminate  arises  from  ^1)  the  instantaneousness  of  ita 
decomposition,  (2)  the  absence  of  dissociation  products,  and  (3)  its 
great  aensity,  4*42.  It  develops  at  the  point  of  contact  an  enor* 
mous  instantaneous  pressure  which  has  no  relation  to  the  mean 
pressure  in  the  vessel.  This  pressure  Berthelot  estimates  at 
48,000  atmospheres,  while  gun  cotton  develops  on  contact  only 
24,000  atmospheres. — Ann.  Chim,  Phya,^  V,  xxi,  664,  Dec.  1880. 

6.  F.  &  I 

6.  On  the  Direct  prodtiction  of  Chloroform  and  Broinofomx.— 
Damoiseau  has  studied  the  action  of  porous  bodies  in  causing  the 
reaction  of  chlorine  upon  methyl  chloride.  A  regular  current 
of  chlorine  gas  mixed  suitably  with  methyl  chlonde  is  passed 
through  a  long  tube  filled  with  animal  charcoal  and  heated  to 
250°  —  350°.  By  washing  with  water  the  hydrochloric  acid  ^ 
is  removed,  and  the  condensed  product  corresponds  to  the  mix- 
ture emploved.  Chloroform  is  produced  with  great  ease  and 
uniformity  in  this  way.  Bromine  acts  similarly,  producing  from 
CH.Br,  CH  Br„  CHBr,  and  CBr,.  Acetic  acid  treated  with  2, 4, 
6  atoms  of  bromine  in  this  way,  gives  carbon  dioxide  and  bromi* 
nated  derivatives  of  formcne.  Chlorine  and  acetic  acid  gives 
chloroform  in  considerable  quantity. —  6\  J2.,  xcii,  42,  Jan.  1881. 

6.  F.  B. 

6.  On  the  Identity  of  Arctbinose  with  Lactose. — Kiliajji  has  ex- 
amined the  sugar  obtained  by  Scheibler  by  the  action  of  dilute 
sulphuric  acid  upon  gum  arable,  and  whicn  he  called  arabinose. 
One  part  of  pure  gum  arabic  was  boiled  for  18  hours  with  8  parts 
of  a  two  per  cent  solution  of  sulphuric  acid  in  an  open  dish,  the 
evaporated  water  being  replaced.  The  acid  was  then  removed  by 
barium  hydrate,  the  filtrate  evaporated  to  a  syrup,  agitated  with 
alcohol,  decanted,  the  alcohol  distilled  off^  and  the  syrup  allowed 
to  crystallize  over  sulphuric  acid.  On  analysis,  it  gave  the 
formula  CJI  O, ;  it  rotates  the  polarized  ray  [«]i,=79°,  reduces 
Fehling's  solution,  ferments  with  yeast,  yields  mucic  acid  when 
oxidized  with  nitric  acid,  and  dulcite  when  reduced  with  sodium. 
For  these  reasons,  the  author  thinks  the  arabinose  of  Scheibler  ifl 
identical  with  milk  sugar  or  lactose. — Ber,  Berl,  Chem.  Qea,^  xiii, 
2304,  Jan.  1881.  G.  F.  a 

7.  On  the  absorption  of  dark  Heat  rays  by  Gases  and  Vor 
pors, — IleiT  Ernst  Lecher  and  Herr  Joseph  Pernter  criticiw 
the  results  of  previous  observers,  especially  those  of  Tyndall  and 
Magnus.  Taking  TyiidalPs  numbers,  they  show  that  the  absorp- 
tion of  radiant  heat  is  different  when  a  polished  metallic  tube  u 
employed  instead  of  partly  blackened  tubes  or  tubes  of  glass,  and 
therefore  point  out  that  Tyndall's  results  are  subject  to  an  error. 
They  show,  also,  that  vapor  adhesion  introduces  another  source 
of  error  in  Tyndall's  work.     In  order  to  avoid  all  possible  errors 
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thor  placed  a  thermopile  as  well  as  the  radiating  surface 
the  experimental  space.  The  experimental  vessel  consisted 
Inyerted  glass  bell  jar  with  the  open  end  placed  upward, 
lermopile  with  one  face  placed  upward  and  toward  the 

of  radiation  and  the  other  carefully  protected  by  a  pack- 
cotton-wool,  was  supported  at  the  bottom  of  this  jar.  The 
jar  and  the  cover  was  surrounded  by  water  which  was 
inning  from  a  tap.  The  radiating  surface  at  the  mouth  of 
1  jar  was  heated  by  a  jet  of  steam,  and  the  details  of  the 
nent  were  so  arranged  that  equal  quantities  of  heat  were 
micated  to  the  plate  in  equal  times.  The  copper  wire  of 
Ivanometer  was  wound  with  white  silk  in  order  to  avoid 
ice  of  iron,  and  it  was  protected  from  sudden  changes  of 
■ature.  No  binding  screws  were  employed.  The  wires 
I  from  the  galvanometer  were  carefully  wound  with  those 
external  circuit,  and  the  junctions  having  been  varnished 
)lac€d  in  running  water  so  as  to  avoid  Uie  production  of 
>-electric  currents.  One  of  the  two  conducting  wires  was 
itely  insulated,  for  the  authors  confirmed  the  earlier  result 
Qont,  that  perfectly  dry  wood  is  not  an  insulator  for  feeble 
ts.  The  experiments  with  pure  dry  air  made  it  apparent 
le  absorption  of  heat  rays  from  a  source  of  heat  at  100^  C. 
ling  through  a  layer  of  air  thirty-one  centimeters  in  thick- 

8o  small  uiat  it  cannot  be  measured.  From  experiment  it 
mnd  that  out  of  100  incident  rays  00*78  pass  through, 
moist  air  no  absorption  was  found.  This  result  was  sur- 
^,  since  the  well-known  absorption  of  heat  rays  of  the  sun 

atmosphere  has  generally  been  attributed  to  aqueous  va- 
Af  ter  a  general  discussion  of  the  meteorological  bearing  of 
results  it  is  concluded  that  the  question  of  the  amount  of 
•tion  of  radiation  by  our  atmosphere  can  not  be  solved  at 
t ;  and  it  will  be  necessary  in  order  to  obtain  a  true  solu- 
to  arrive  at  the  proportion  of  carbonic  acid  in  the  air  and 
e  amount  of  vegetable  and  animal  organisms.  It  is  pointed 
At  an  accurate  solution  can  also  only  be  obtained  when  the 
>tion  is  known  for  the  different  parts  of  the  spectrum. — 
der  K,  Akad,  der  Wisaensch,  in  Wien,  July,  1880;  Phil. 
Jan.  1881.  j.  t. 

'}usiy  FogSy  and  Clouds. — Mr.  John  Aitken,  in  a  paper  pre- 
.  to  the  Royal  Society  of  Edinburgh,  maintains  the  theory 
uRt  is  essential  for  the  formation  of  fogs  and  clouds.  Steam 
aixed  with  air  in  two  large  glass  receivers ;  one  of  these 
ers  was  filled  with  common  air,  the  other  with  air  which 
een  carefully  passed  through  cotton-wool  so  that  all  dust 

be  removed.  In  the  one  receiver  the  air  presented  the 
cloudy  appearance  on  the  entrance  of  the  steam,  while  in 
her  no  cloudiness  was  apparent,  the  air  remaining  supersat- 
l  and  j>erfectly  transparent.  In  another  experiment  water 
laced  beneath  a  receiver  and  the  temperature  of  the  enclosed 
wered  by  reducing  its  tension.     With  unfiltered  air  the 
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receiver  was  immediately  filled  with  a  dense  vapor,  with  filtered 
air,  however,  no  cloudiness  was  perceived.  It  was  concluded  from 
these  experiments:  (1)  Whenever  water  vapor  condenses  in  the 
atmosphere  it  always  does  so  on  some  solid  nucleus ;  (2)  that  doit 
particles  in  the  air  form  the  nuclei  on  which  the  vapor  condensei; 
(3)  that  if  there  was  no  dust  there  would  be  no  fogs,  no  clouds, 
no  mists,  and  probably  no  rain,  and  that  the  supersaturated  air 
would  convert  every  object  on  the  surface  of  the  earth  into  a  con- 
denser on  which  it  would  deposit;  (4)  our  breath  when  it  be- 
comes visible  on  a  cold  morning  and  every  puff  of  steam  shows 
the  impure  and  dusty  condition  of  the  atmosphere.  Among  the 
sources  of  atmospheric  dust  is  the  spray  of  the  ocean.  By  simply 
heating  a  piece  of  metal — the  one  hundredth  of  a  grain  of  iron 
wire — the  dust  driven  off  will  ^ive  a  cloudiness  in  the  experi- 
mental receiver.  Common  salt  Durned  in  an  alcohol  lamp  gave 
an  intense  fog,  and  burned  sulphur  gave  a  fog  so  intense  that  it 
was  impossible  to  see  through  a  thickness  of  5  cm.  of  it.  It  is 
calculated  that  more  than  200  tons  of  sulphur  are  burned  with  the 
coal  every  winter's  day  in  London,  and  this  quantity  is  sufficient, 
in  the  writer's  opinion,  to  account  for  London  fogs. — Nature^ 
Dec.  30,  1880.  J.  T. 

9.  On  the  relation  bettceen  the  Diurnal  Range  of  the  Mag' 
netic  Declination  aiid  HoriTuyntal  force^  as  observed  from  1841  (o 
1877  at  the  Royal  Observatory^  Cheenwich^  and  the  period  of 
Solar  Spot  frequency ;  by  William  Ellis,  F.R.A.S. — Observa- 
tions of  the  magnetic  elements  have  been  carried  on  at  Green- 
wich since  1841.  Until  1847  actual  readings  of  the  various  instro- 
raents  were  taken  at  two-hour  intervals,  but  since  the  beginning 
of  1848,  in  addition  to  the  absolute  determinations  of  declina- 
tion, intensity  and  dip,  a  continuous  record  of  the  variatit)n8  of 
the  declination  and  the  horizontal  and  vertical  components  of  the 
total  force  has  been  obtained  by  the  method  of  photographic 
registration,  devised  by  Mr.  Charles  Brooke.  The  fact  that 
during  this  long  period  the  observations  of  the  declination  and 
horizontal  force,  discussed  in  this  paper,  have  been  made  on  the 
same  plan  and  with  the  same  instruments,  gives  especial  value  to 
the  conclusions  which  are  drawn  from  them. 

The  mean  diurnal  range  of  declination  in  each  month  is  taken 
to  represent,  relatively  to  other  nionths,  the  magnetic  energy  of 
the  month ;  and  similarly  for  the  horizontal  force.  This  mean 
diurnal  range  for  each  month  is  obtained  by  taking  the  diffe^ 
ence  between  the  greatest  and  least  of  the  mean  indications  for 
each  separate  hour  through  the  month,  days  of  great  magnetic 
disturbance  being  rejected.  A  table  is  thus  formed  giving  two 
series  of  numbers:  the  variation  in  declination  is  expressed  in 
minutes  of  arc ;  for  the  variation  of  the  horizontal  force  the  unit 
is  -0001  of  the  whole  horizontal  force.  The  numbers  thus  ob- 
tained show  a  marked  increase  for  the  summer  months.  This 
annual  inequality  having  been,  by  special  calculation,  eliminated, 
a  second  table  is  formed  giving  the  annual   mean  of  the  monthlj 
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mean  diarnal  range  of  the  declination  and  horizontal  force. 
From  this  table  the  carves  If  D,  H H  in  the  figure  are  plotted 
(the  original  plate,  one  of  three 
illoBtrstiDg  the  memoir,  has 
been  here  rcdaced  to  one-third 
by  photography.)  Tlie  scales 
for  the  cnrvea  of  declination 
{D  D)  and  horizontal  force 
{ffS)  are  eo  arranged  that 
each  minnte  of  arc  of  declina- 
tion is  represented  by  -0003 
of  horizontal  force,  and  xo 
on  in  proportion.  The  third 
enrve  (5  S)^  that  of  sun-spot 
fre<|Dency,  is  constructed  by 
isking  one  minute  of  declina- 
tioD  to  correspond  to  aO'O  in 
san-«pot  number. 

A  comparison  of  the  three 
eurvee  sbovs  strikingly  the 
correctness  of  the  view  gen- 
erally held,  that  the  diurnal 
ranges  of  dectitiation  and 
Koriiontal  force  are  stibject 
to  a  periodical  variation  cor- 
Ttsponding  to  the  W-yeartxm- 
tpot  period. 

Other  conclusions  deduced 
by  Mr.  Ellis  are  as  follows: 
(1.)  That  the  epochs  of  mini- 
mum and  maximum  magnetic 
snd  sun-spot  effect  are  nearly 
coincident,  the  former  occur- 
ring  on  the  whole  somewhat 
bter.  The  variations  of  dura- 
tion in  different  periods  appear 
to  be  similar  for  both  phe- 


(2.)  The  occasional  more 
Hidden  ontburats  of  magnetic 
and  sun-spot  energy,  extend- 
mg  sometimes  over  several 
monthfl.appeartooccnrnearly 
simnltaneonely  and  progress 
collaterally. 

(3.)  It  seems  probable  that 
the  annual  inequalities  of  mag- 
petic  diarnal  range,  are  sub- 
ject also  to  periodical  varia- 
tion, being  increased  at  the 
time  of  a  sun-spot  maximum, 
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when  the  diurnal  range  is  increased,  and  diminished  at  the  time 
of  a  sun-spot  minimum,  when  the  mean  diurnal  range  is  dinun- 
ished. 

The  evidence  in  favor  of  this  final  conclusion  is  considered  is 
not  entirely  decisive ;  the  other  conclusions  are  regarded  as  sniS- 
ciently  certain. 

10,  CT;  S.  Coast  and  Geodetic  Survey^  Carlile  P.  Pattbbsov, 
Superintendent  in  charge.  Methods  and  Results:  American 
Standards  of  Length  (Appendix,  No.  12 — Report  for  1877), 
36  pp.  4to.  Washington,  1880. — This  memoir  contains  the  nmort 
by  rrofessor  J.  E.  ifilgard  on  the  details  of  observations  maaeto 
establish  the  relation  between  the  American  and  British  stand- 
;  ards  of  length.  The  general  results  reached  (published  in  Appen- 
dix 22,  Report  for  1876),  show — (1)  That  there  is  no  difference 
between  the  standards  of  weight  of  Great  Britain  and  those  of 
the  United  States;  (2)  This  is  also  true  of  the  standards  of 
length ;  (3)  The  standards  of  volume  in  the  United  States  are  the 
same  as  those  lawful  in  Great  Britain  prior  to  1826.  Also,  (4) 
the  relation  of  American  and  British  standards  to  the  Frenon 
metric  standard  is  not  determined  with  extreme  precision,  bat 
the  legal  enactments  will  suffice  for  all  purposes  except  those  of 
great  scientific  accuracy. 

The  standards  of  length  described  in  the  report  are  the  Trough- 
ton  86-inch  scale  and  the  British  standards,  the  bronze  yard,  Na 
11,  and  the  iron  yard.  No.  57.  The  Troughton  scale  (London, 
1814),  is  a  bronze  bar,  86  inches  long,  2^  inches  wide,  and  i  inch 
thick,  it  has  an  inlaid  silver  scale;  it  was  made  for  the  survey  of 
the  coast  of  the  United  States.  The  yard  of  36  inches,  between 
the  27th  and  63d  inch  was  adopted  as  the  standard  yard  of  the 
United  States  by  the  Treasury  Department,  in  1832.  The  two 
other  standards  were  presented  by  the  British  Government  in 
1856. 

A  detailed  discussion  is  given,  in  the  report,  of  the  coeffi- 
cients of  expansion  of  the  three  standards,  and  of  the  results  of 
comparisons  between  them,  and  also  of  each  of  them  with  the 
Imperial  yard  and  other  British  standards.  As  the  result  of  this 
it  is  found  that  the  Troughton  scale  is  equal  to  the  standard  Brit- 
ish yard  at  59°  62  F.,  the  bronze  yard.  No.  11,  at  62**-26  F.,  and 
the  iron  yard,  No.  57,  at  62**-10  F.  Furthermore  it  is  stated  that 
between  1856  and  1872  both  the  last  two  standards,  for  want  of 
proper  provision  for  their  safe  keeping,  have  been  subjected  to 
great  variations  of  temperature,  varying  fully  75°  F.  As  a  result 
of  this  it  is  concluded  that  the  bronze  yard  has  shortened  rela- 
tively to  similar  measures  which  have  been  kept  at  a  nearly  con- 
stant temperature.  This  standard  was  made,  on  account  of  its 
great  rigidity,  of  Baily's  metal  consisting  of  16  parts  copper,  2j 
parts  tin,  and  1  part  zinc,  and  it  is  suggested  that  the  molecules  of 
such  a  casting  are  probably  in  a  state  of  great  tension,  likely  to 
yield  under  changes  of  temperature,  and  perhaps  in  less  degree  to 
the  simple  effect  of  continuance.     The  wrought-iron  bar,  No.  57, 


Oeohgy  and  Mineralogy.  241 

Low  Moor  iroDy  on  the  other  hand,  which  has  been  subjected  to 
the  same  vicissitudes  as  the  bronze  bar  before  mentioned,  has 
maintained  its  relative  length  to  the  Imperial  standard.  As  bear- 
ing upon  the  persistence  of  material  reduced  to  the  plastic  condi- 
tion, the  fact  IS  mentioned  that  in  1867  one  of  the  original  meters, 
lonfi^  in  the  possession  of  the  U.  S.  Coast  Survey,  was  compared 
witQ  the  platinum  meter  of  the  Conservatoire  des  Arts  et  Metiers, 
made  about  1 800,  and  no  difference  of  so  much  as  a  thousandth 
part  of  a  millimeter  after  so  many  years  was  detected,  although 
It  had  been  twice  transported  across  the  ocean  and  had  experi- 
enced extreme  vicissitudes  of  temperature. 

11.  Magnetic  Declination  in  Missouri, — A  chart  has  been 
JMoed  bv  Professor  Francis  E.  Nipher,  of  St.  Louis,  giving  the 
declination  of  the  magnetic  needle  in  Missouri  for  1879,  and  with 
the  lines  of  equal  declination  deduced  from  the  observations. 
The  map  is  published  for  use  of  surveyors,  but  it  is  interesting-as 
showing  the  remarkable  irregularity  in  these  isogenic  lines.  For 
example,  immediately  west  of  St.  Louis  the  lines  have  a  sharp 
bend  to  the  westward,  while  on  the  same  parallel  toward  the  cen- 
ter of  the  State  there  is  a  correspondingly  sharp  bend  to  the  east- 
ward.    (See  this  Journal,  xix,  234,  1880). 

n.  Geology  and  Mineralogy. 

1.  Pennsylvania  Geological  Survey:  The  Geology  of  McKean 
County^  and  its  connection  with  that  of  Cameron^  Elk  and 
Forest ;  by  Chables  A.  Ashbubneb.  Report  of  Progress,  No. 
R  372  pp.  8vo.  With  33  plates  and  2  maps.  Harrisburg: 
1880. — McKean,  one  of  the  northern  counties  of  Western  Penn- 
sylvania, adjoins  Cattaraugus  County  and  a  part  of  Allegany 
County  of  New  York,  and  its  geological  and  topographical  rela- 
tions to  the  latter  region  ^ve  the  facts  which  Mr.  Ashburner  has 
carefully  studied  out  special  importance.  It  is  further,  the  loca- 
tion of  the  northern  oil  area  of  the  State — the  Bradford.  Mr. 
Ashbumer's  report  treats  first  of  the  topographical  features  and 
nirface  geology;  next,  of  the  general  geological  structure; 
thirdly,  of  the  economic  products  of  the  county ;  and  then,  in 
Part  II,  he  gives  the  detailed  geology  of  the  county,  under 
which  are  brought  out  many  sections  illustrating  the  JBradford 
oil  district. 

The  re^on  is  part  of  the  elevated  plateau  that  stretches  west 
and  northwest  from  the  Appalachians,  and  apparently  makes, 
along  with  that  of  Southern  New  York  and  the  Cumberland 
Table  land  to  the  south,  the  northwestern  fiank  of  the  mountain 
range.  The  surface  has  "  a  mean  height  of  nearly  2000  feet  above 
the  ocean,"  but  many  elevations  over  it  reach  to  2200  feet,  and 
one  to  2500. 

The  rocks  at  the  outcrops — which  are  not  numerous  or  good — 
are  so  nearly  horizontal  that  what  there  are  of  anticlinals  and 
synclinals  consist  mostly  of  slightly  curving  ^*  domes  and  dim- 
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pics,"  the  latter  only  occasionally  taking  the  form  of  a  trough. 
The  strata  are  a  continuation  of  those  of  the  Appalachian  region 
to  the  southeast,  but  all  the  formations  are  greatly  reduced  in 
thickness.  They  belong  to  the  following  groups,  commencing 
below : 

A.  Devonian. — (1)  The  CJienumg  sandstones  and  shales 
(VIII)  which  include  the  productive  "oil-sands"  of  the  Brad- 
ford district  -*  (2)  the  CatakiU  sandstone  (IX),  250  feet  thick  at 
Bradford  (while  2560  feet  in  Blair  County,  just  southeast  of  the 
center  of  Pennsylvania,  and  5000  to  6000  feet  at  the  extreme 
eastern  outcrops  on  the  Lehigh  and  Susquehanna  Rivera). 

B.  SuBCARBOXiFEROUS. — (3)  The  Focono  sandstone  (X),  250 
V  feet  in  average  thickness  (while  2133  feet  in  Broad  Top  Moun- 
tain, in  Huntingdon  County,  east  of  Blair  County)  having,  at 
middle,  the  Sub-Olean  conglomerate,  40  feet  thick ;  and  overlaid 
by  (4)  the  Mauch  Chtmk  Red  shale  (XI),  only  10  feet  thick 
(while  3000  feet  at  Mauch  Chunk  in  Carbon  County) ;  the  two 
together  correspond  to  the  Subcarboniferous. 

C.  Carboniferous. — (5)  The  PottsviUe  conglomerate^  or  the 
so-called  Millstone  Grit  (XII),  160  feet  thick  (while  1000  feet  at 
PottsviUe,  in  Schuylkill  County),  which  consists,  at  bottom,  of 
the  Glean  conglomerate  (the  rock  which,  on  account  of  its  tower 
like  and  other  bold  features,  suggested  the  name  of  Rock  City  to 
a  place  in  Cattaraugus  County,  N.  Y.,  and  which  is  the  same  as 
the  Sharon  conglomerate  of  Western  Pennsylvania  and  the  con- 
glomerate of  the  Ohio  geologists),  and,  above  this,  of  two  sand- 
stone strata  with  the  Alton  Coal-bed  between.  Next  (6)  Ihe 
Lower  Productive  Coal-measures  (XIII)  140  feet  thick,  which 
contain  the  Pagus  Coal-bed  and  the  Clermont  Coal-bed^  and  are 
the  most  northern  outliers  of  the  Appalachian  coal  formation. 
The  Clermont  coal-bed  (3  feet  thick)  is  the  same  as  the  Clarion 
coal-bed  of  Western  Pennsylvania,  and  the  Dagus,  situated 
above  the  "Clermont  ferriferous  limestone  (4  to  8  feet  thick)  and 
some  beds  of  sandstone  and  shale,  is  the  Lower  Kittaning.f 

The  Bradford  Oil  District  is  described  geologically  and  eco- 
nomically, and  illustrated  by  excellent  maps  and  sections.  It  is 
elongated  in  the  direction  northeast-and-southwest.  The  length 
of  the  principal  area  is  about  sixteen  miles  (the  northern  two  to 
three  miles  of  it  in  the  State  of  New  York),  and  the  greatest 
breadth  is  nearly  eight  miles.  In  its  line,  six  miles  to  the  south- 
west, lies  the  small  Ivinzua  oil  district,  and  half  way  between  the 
two  the  "Big  Shanty"  district  and  toward  the  southern  bound- 
ary of  the  county  there  are   a   few  wells  near  Smethport  and 

♦  Tho  ''oil-sauds"  (or  sandstones)  of  Western  Pennsylvania,  the  Venango 
oil-district — are  beds  in  the  Catskill  sandstone  (IX)  and  thus  have  a  higher 
position  stratigraphioally  than  those  of  the  Bradford  oil-district. 

f  With  regard  to  the  total  thickness  of  the  Paleozoic  of  Pennsylvania,  Mr. 
Ashburner  states  that  40,000  feet,  or  about  eight  miles,  "  is  certainly  not  exces- 
sive "  in  view  of  tlie  fact  that  a  section  from  tho  top  of  the  Lower  ProductiTe 
Coal  to  the  base  (?)  of  the  Trenton,  carefully  measured  by  him,  showed  a  thidniess 
of  3i  miles. 
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Kane.  Thus  the  trend  of  the  whole  is  approximately  parallel  to 
the  course  of  the  Appalachians.  The  depth  of  the  wells  is  in 
nearly  all.  cases  1100  feet,  the  borings  extending  from  40  to 
150  feet  below  the  top  of  the  Chemung.  To  the  south  the  depth  is 
1700  to  2000  feet ;  this  is  owing  partly  to  a  thickening  southward 
of  the  overlying  strata,  but,  about  Smethport,  to  the  oil-beanng 
sand-bed  bemg  at  a  lower  level  in  the  Chemung  by  nearly  300 
feet. 

The  Bradford  oil  district  has  been  worked  less  than  ten  years. 
The  production  of  oil  amounted  to  but  seventy-five  barrels  a  day 
in  1874,  but  was  68,000  a  day  in  the  year  ending  June,  1880.  Of 
the  2539  wells  sunk  in  1879,  only  3  per  cent  were  dry  holes  or  un- 
productive ;  and  of  the  6249  between  the  beginning  of  1875  and 
January,  1880,  only  3*77  per  cent. , 

The  special  peculiarities  of  the  oil-bearing  sand-rock  of  the 
Bradfora  district  have  already  been  mentioned  in  this  Journal, 
(xix,  416,  1880)  from  a  paper  by  Mr.  Ashbumer,and  also  the  phe- 
nomena of  the.  remarkable  Kane  Geyser  well  (xviii,  394)  on  the 
southern  borders  of  the  county,  ana  the  Wilcox  Spouting  well 
(xvi,  144,  1878)  about  three  miles  to  the  east  of  the  Kane. 

2.  JR^^ort  of  Progress  of  the  Geological  Survey  of  Canada^ 
for  1878-79.     Alfbed  R.  C.  Selwvn,  Director.     8vo.     Montreal, 

1880,  (Dawson  Brothere). — This  volume  contains  the  following 
reports:  Introduction,  by  Mr.  SklwyxN  (6  pp.);  on  the  Queen 
Charlotte  Islands,  by  Mr.  G.  M.  Dawson  ;  on  explorations  of  the 
Churchill  and  Nelson  Rivers,  etc.,  by  Robebt  Bell  ;  on  the  Geol- 
ogy of  Southern  New  Brunswick,  by  Messrs.  Bailey  and  Ells  ; 
and  Chemical  contributions,  by  C.  Hoffmann.  Mr.  Dawson's 
report  describes,  and  illustrates  on  colored  maps,  the  distribution 
of  Triassic  and  Cretaceous  rocks  over  the  Queen  Charlotte  Islands. 
The  map  (for  which  only  approximate  correctness  is  claimed), 
makes  the  southern  half  of  the  islands,  between  the  parallels  52° 
and  63°,  Triassic  (Alpine  Trias,  it  containing  Monotis  suhciraUor 
ris  Gabb  and  HaZohia  Lommeli  Wiss.,  etc.) ;  a  middle  portion, 
about  Skidegat  Inlet,  crossing  the  island  obliquely,  and  a  north- 
em  angle  (north  of  the  parallel  of  54°),  of  Graham  Island,  Creta- 
ceous; and  the  rest  of  Graham  Island,  Tertiary  and  "probably" 
Miocene.  The  Ci-etaceojis  rocks  are  stated  to  have  a  thickness  of 
13,000  feet.  They  are  generally  much  flexed,  and  toward  the 
head  of  Skidegat  Inlet  there  is  a  very  sharp  and  steep  flexure  bend- 
ing double  a  coal-bed ;  and  the  coal  is  anthracite.  Cretaceous 
fossils  (including  Ammonites,  Belemnites,  etc.)  are  numerous,  and 
some  of  them  have  been  described  by  Mr.  Whiteaves  in  Mesozoic 
Fossils,  Vol.  I,  Part  1.  The  Cretaceous  and  Triassic  rocks  are 
unconformable,  and  so  also  the  Cretaceous  and  Tertiary.  The 
close  of  the  Tertiary  was  a  time  of  igneous  eruptions,  as  well  as 
the  Tertiary  itself. 

3.  A  Monograph  of  the  Silurian  Fossils  of  the  Girvan  Dis- 
trict in  Ayrshire,  with  special  reference  to  those  in  the  "  Gray 
eoUection/^^  by  Dr.  H.  Alleyne  Nicholson  and  li.  Ethebidge,  Jr. 
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Fasdulus  III. — ^This  concluding  part  of  vol.  i  contains  pp.  237  to 
334  (8yo),  of  the  text  and  plates  xvi  to  xxiv,  and  treats  of  the 
Annelids  and  Echinoderms,  with  supplements  on  the  Protozoans, 
Ccelenterates,  and  Crustaceans.  The  first  three  of  the  excellent 
plates  are  devoted  to  fossil  corals  of  the  genera  Heliolites,  Plas- 
mopora,  Propora,  Pinacopora  and  Halysites. 

4.  JRevue  de  Geologic  pour  lee  AnneeSy  1877  et  1878,  par  M. 
Dblesse  et  M.  de  Lapparent,  tome  xvi,  268  pp.  8vo.  1880. 
(Librarie  F.  Savy). — ^This  volume  of  Delesse's  Geological  Auonal, 
like  its  predecessors,  gives  a  valuable  r6sum6  of  geological  papers, 
especially  those  relating  to  Lithological,  Dynanuoal,  Historical  or 
Stratigraphical,  Geographical  and  Agrinomic  Geology.  The 
abstracts  are  well  prepared  and  in  general  quite  full. 

6.  Annelid  Jaws  from  the  Wenlock  and  Ludlow  formaliont 
of  the  west  of  England, — Several  species  of  these  annelid  jaws 
are  described  and  figured  by  Mr.  G.  J.  Hinds,  in  the  Quarterly 
Journal  of  the  Geological  Society  for  August,  1 880  (p.  368). 

6.  XenotimCy  from  Burke  County^  N.  C;  by  W.  E.  Hidden. 
(Communicated.) — Symmetrically  compounded  crystals  of  xeno- 
time  and  zircon,  much  like  those  first  noticed  by  E.  Zschan  (this 

Journal,  H,  xx,  273)  have  been  lately 
discovered  by  the  writer  in  the  auriferous 
gravels  of  brindletown,  Burke  county, 
r\,  C.  The  aocompanving  figiu^  shows 
the  form  to  be  somewnat  different  from 
those  of  Zschau,  from  Hitter5e,  Norway ; 
but  the  occurring  planes  are  the  same. 
The  Burke  county  crystals  are  compounds 
of  a  light-brown  zircon,  with  a  yeUowishrgray  xenotime.  The 
crystals  are  sometimes  ^  inch  in  diameter,  though  rarely ;  they 
are  oftener  ^^  inch  through.  About  one  in  fifty  of  the  xenotimes 
from  this  locality  are  thus  compounded. 

7.  Geological  Charts  of  the  Yellowstone  Park^  and  of  the 
region ^^adjoinirig  on  the  south  in  the  territories  of  Wyoming^ 
Idaho  and  Utah, — Three  large  and  beautifully  colored  geological 
charts  have  recently  been  issued  as  part  of  the  results  of  the 
Geological  and  Geographical  Survey  of  the  Territories  under  Dr. 
F.  V.  Hayden  for  the  years  1877  and  1878.  The  topography  is 
given  by  contour  lines.  One  chart  (the  most  northern)  is  of  the 
Yellowstone  Park ;  the  second,  is  a  chart  of  parts  of  Western 
Wyoming  and  Southeastern  Idaho ;  the  third,  of  an  adjoining 
part,  to  the  south,  of  Wyoming  and  Idaho  and  part  of  North- 
eastern Utah.  The  area  comprised  by  the  three  is  nearly  all  that 
included  between  the  parallels  of  46°  and  41*  46',  and  the 
meridians,  100°  30'  and  112°.  The  first  of  these  charts  is  on  a 
scale  of  two  miles  to  an  inch  and  the  others  on  that  of  four  miles 
to  an  inch. 
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5  Power  of  Movement  in  Plants  ;  by  Charles  Dabwin, 
F.R.S.,  assisted  by  Francis  Darwin.  With  illustrations. 
. :  John  Murray.  1880.  Appleton  &»  Co.,  N.  Y.)  pp. 
imo. — Fii-st  let  us  congratulate  the  scientific  community, 
han  the  author,  that  Mr.  Darwin^s  experimental  researches 
mded,  and  are  we  hope  long  to  be  continued,  by  the  son 
lame  appears  upon  the  title-page,  and  whose  independent 
ilready  published  approve  his  worthiness  for  that  honor. 

ume  is,  from  beginnmg  to  end,  the  record  of  a  series  of 
es  and  of  the  inferences  which  they  directly  warrant. 
ly  it  will  not  fascinate  the  general  reader  after  the  man- 
'The  Origin  of  Species'*  and  some  of  the  volumes  which 
3d  that  epoch-maricin^  production ;  nor  has  it  the  fresh 
of  the  treatises  '^  On  the  Movements  and  Habits  of  Climb- 
nts,"  and  of  "  Insectivorous  Plants,*'  of  which  it  is  the 
continuation  and  supplement. 
)rgans  of  plants  take  certain  determinate  positions  and 

certain  movements,  some  of  them  universal  or  general, 
'  them  special,  some  of  them  very  striking  and  seemingly 
,  most — ^but  not  quite  all  of  them — evidently  advanta- 
o  the  plant  or  essential  to  its  well-being.     Hoots  point 

the  earth ;  stems  point  awav  from  it ;  young  stems  oend 
3  the  light,  and  the  upper  face  of  leaves  is  presented  to 
xvL%  that  twine  ^^  circumnutate'*^  (a  capital  term),  i.  e.  bend 
ively  to  all  points  of  the  compass,  and  this  wholly  irre- 
e  of  external  influences;  and  the  twining  around  a  sup- 
a  direct  consequence  of  the  circumnutation.  Most  tendrils 
tircumnutate,  and  thereby  are  enabled  to  reach  the  object 
they  grasp.  Most  tendrils  (and  in  ceitain  cases  some 
)arts)  are  very  obviously  sensitive  to  external  contact  or 
3n,  to  which  they  respond  by  movement  and  change  of 
nd  thus  they  grasp  or  do  other  advantageous  acts.  Some 
ents,  especially  of  leaves,  occur  with  regularity  upon  the 
of  light,  others  upon  its  withdrawal ;  a  few,  such  as  of  the 
eaflets  of  Desmodiym  gyranSy  proceed  irrespective  of  night 
iy.  The  specification  need  not  be  extended.  The  general 
a  all  their  great  variety  are  familiar  to  scientific  readers, 
quiry  of  this  volume  is  as  to  their  ground  and  origin,  or,  as 

connection  we  should  rather  say,  their  development  and 
'.  For  instance,  circumnutation  gives  rise  to  twining  and 
tfficiency  to  other  ways  of  climbing.  But  Darwin  is  bound 
»ect,  and  even  to  show,  that  circumnutation  is  not  a  special 
raent  of  the  stems  and  tendrils  of  climbing  plants,  but 
a  more  developed  manifestation  of  a  general  faculty.  And 
ne  is  to  be  said  of  the  movements  of  tendrils  and  leaves, 
r  appendages,  whether  automatic  or  in  response  to  external 
on  or  stimulus.  All  this  is  what  the  experimental  re- 
.'8  detailed  in  this  volume  undertake  to  ascertain  and  have 
^torily  made  oat. 
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An  abstract  of  the  volume  might  be  somewhat  tedious,  and  is 
certainly  unnecessary  for  biological  readers,  who  are  sure  to  pos- 
sess and  study  it.  But  the  gist  is  readily  to  be  gathered,  with- 
out running  through  the  iterated  details  or  scanning  many  of  the 
illustrative  and  curious  figures  which  record  the  movements 
under  investigation,  by  the  simple  perusal  of  the  introduction  and 
of  the  concluding  chapter,  in  which  the  matter  of  the  volume  is 
summed  up. 

The  sum  and   substance  of  the  case  is,  that  all  these  powers 
and  faculties  are  manifested    in  the  seedling  immediately  upon 
germination,  and  most  of  them  are  then  remarkably  exemplined. 
The  caulicle  or  initial  portion  of  stem  below  the  cotyledons  (with 
the  elongation  and  protrusion  of  which  the  germination  of  dico- 
tyledonous seeds  usually  begins)  circumnutates   as   soon  aft  it 
comes  out  into  the  open  air,  and  even  earlier :  this  is  the  earliest 
manifestation  of  an  automatic  movement  which  is  shared  by  all 
the  succeeding  portions  of  stem  developed  from  it,  in  the  early 
life  of  most  plants  whether  climbers  or  not.     In  the  latter,  and 
especially  in  twining  plants,  we  see  this  general  faculty  at  its 
maximum  and  in  benehcial  exercise.     More  remarkable  and  novel 
it  is  to  learn  that  the  initial  root,  growing  from  the  lower  end  of 
the  caulicle  (not  inaptly  called  by  Darwin  the  hypocotyt)  also 
shares  in  this  faculty  of  circumnutation.     As  it  penetrates  the 
soil  in  its  downward  course,  it  cannot  largely  manifest  this  fac- 
ulty, and  indeed  its  power  of  circumnutation  is  always  small; 
"but  the  circurauutating  movement  will  facilitate  the  tip  entering- 
any  lateral  or  oblique  liasure  in  the  earth  or  a  burrow  made  hy 
an  earth-worm  or  larva ;   and  it  is  certain  that  roots  often  run 
down  the  old  burrows  of  worms.     The  tip,  however,  in  endeavo^ 
ing  to  circuninutate  will  [successively]  press  against  the  earth  on 
all  sides,  and  this  can  hardly  fail  to  be  of  the  highest  importance 
to  the  plant"  (being  supplemented   bv  another  faculty,  that  of 
sensitiveness  at  the  tip  presently  to  be  mentioned) ;  for  "  when 
the  tip  encounters  a  stone  or  other  obstacle  in  the  ground,  or 
even  earth  on  one  side  more  compact  than  on  the  other,  the  root 
will  bend  away  as  much  as  it  can  from  the  obstacle  or  the  more 
resisting  earth,  and  will  thus  follow  with  unerring  skill  the  line 
of  least  resistance."     Then,   beside  the  almost    universal  hello- 
tropic  movement,  by  which  each  leaf  or  leaflet  presents  its  supe- 
rior surface  to  the  direction  of  the  greater  light,  Mr.  Darwin 
shows  that  these  organs  also  circumnutate,  beginning  even  with 
the  cotyledons  or  seed-leaves;  although  their  sweeps  generally 
form  so  narrow  an  ellipse  that  they  move  up  and  down  in  nearly 
the  same  vertical  plane,  a  movement  describing  a  circle  being 
converted  into  one  up  and  down. 

These  circuinnutatory  movements  are  of  the  most  fundamental 
and  therefore  mysterious  character.  Although  most  commonly 
connected  with  growtli,  they  are  at  bottom  independent  of  it 
This — contrary  to  some  German  physiologists — we  must  conclude 
from  both  DeVries'  and   Darwin's  investigations.     They  are  pro- 
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ad  by  the  changing  turgescence  of  the  cells  on  different  sides 
.  stem  or  footstalk,  which  may  or  may  not  be  fixed  by  conse- 
nt growth  or  solidification.  This  Mr.  Darwin,  we  presume 
itly,  concludes  to  be  the  faculty  or  susceptibility  upon  which 
otropism,  geotropism  and  the  like  (not  to  speas  of  aphdio- 
49my  apogeotropism^  paraheliotropisniy  diaheliotropismy  hypo- 
^Vy  nyc^otropisniy  and  other  terms  which  the  incautious  student 
'  take  to  be  powers  instead  of  abbreviated  expressions) — in 
iT  words,  upon  which  the  solar  rays  and  some  occult  influence 
he  earth — act,  modifying  the  sweeps  or  converting  them  into 
h  and  back  or  other  special  movements.  Among  these,  that 
ch  has  been  termed  the  sleep  of  leaves,  better  and  briefly 
gnated  by  the  word  nyctotropism,  is  thoroughly  investigated 
;hi8  volume,  is  shown  to  be  far  more  general  than  has  been 
posed ;  and  the  conclusion  is  that  the  end  subserved  is  a  need- 
protection  of  the  surfaces,  mainly  the  superior  surface,  against 
I  from  nocturnal  radiation.  A  priori^  looking  at  the  structure 
he  leaf,  one  would  have  thought  that  the  under  surface  had 
greater  need  of  such  protection. 

lot  only  are  all  these  movements  incipient  in  the  seedling,  but 
e  of  them  are  manifested  more  rapidly  and  extensively  than 
nost  mature  plants.  This  should  needs  be,  since,  as  Mr. 
win  states  it,  ^'  Seedlings  are  subjected  to  a  severe  straggle 
life,  and  it  appears  to  be  highly  important  to  them  that  they 
aid  adapt  themselves  as  quickly  and  as  perfectly  as  possible 
iheir  conditions."     Very  properly,  therefore,  no  small  part  of 

volume  is  devoted  to  the  seedling  and  to  the  behavior  of  its 
3ral  parts.     The  most  novel  and  unexpected  results  relate  to 

young  root.  Judging  from  its  simplicity  and  from  the 
iium  in  which  it  is  developed,  one  would  not  look  there  for 
endowments  which  Mr.  Darwin  finds  in  it.     But  this  root-tip 

the  vegetable  cells  which  compose  it  conspire  to  teach  us 
L  most  simple  structures  may  be  wonderfully  gifted.  The 
r  root  exhibits  three  kinds  of  movement ;  first  that  of  circum- 
ation,  in  which,  endeavoring  to  bend  in  all  directions  its  tip 
ill  press  on  all  sides,  and  thus  be  able  to  discriminate  between 

harder  and  softer  adjoining  surfaces,  .  .  .  and  to  bend  from 

harder  soil  and  follow  the  lines  of  least  resistance,"  so  modi- 
[g  advanta^ously  its  coui'se  from  that  to  which  geotropism 
stantly  tends  to  give  it.  Moreover,  the  growing  end  or  the 
t  is  sensitive  to  contact,  and  in  a  complex  manner.  If  pressed 
ve  the  tip,  it  bends  there  toward  ur  around  the  impinging 
y,  much  as  the  end  of  a  tendril  bends  around  a  support :  thus 
tiay  follow,  as  roots  do,  along  the  unequal  surface  of  a  solid 
y.  But,  thirdly,  if  the  tip  itself  be  locally  pressed,  it  ex- 
its difi*erent  and  more  surprising  sensitiveness,  for  it  transmits 
influence  to  an  upper  adjoining  part,  causing  it  to  bend  away 
n  the  affected  side.  This  sensitiveness  to  contact  is  confined 
little  more  than  one  millimeter  of  the  tip ;  the  part  which 
ids  is  6  or  7  or  even  12  millimeters  above.     So,  when  the  sen- 
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sitive  tip  in  its  downward  growth  strikes  obliquely  apon  a  stone 
or  other  obstacle,  the  part  above  at  this  distance,  to  which  some 
influence  must  be  transmitted,  bends  and  carries  the  point  away 
from  the  obstacle.  Yet  later,  whenever  a  new  portion  of  the  side 
impinees  upon  the  stone  or  other  body,  it  will  bend  at  that  part 
toward  instead  of  away  from  it,  and  so  follow  along  its  surface. 
It  is  the  tip,  likewise,  which  can  discern  that  the  air  is  inoister  on 
one  side  than  on  the  other,  and  which  thence  ^'  transmits  an  in- 
fluence to  the  upper  adjoining  part,  which  bends  toward  the 
source  of  moisture."  It  is  the  tip  only  which  is  sensitive  to 
gravitation.  Well  may  Mr.  Darwin  affirm  that  there  is  no  struc- 
ture in  plants  more  wonderful,  as  far  as  its  functions  are  concerned, 
than  the  tip  of  the  radicle.  Also,  that,  ^'  it  is  impossible  not  to 
be  struck  with  the  resemblance  between  the  foregoing  movements 
of  plants  and  many  of  the  actions  performed  unconsciously  by 
the  lower  animals."  '^  But  the  most  striking  resemblance  is  the 
localization  of  their  sensitiveness  and  the  transmission  of  an  in- 
fluence to  an  excited  part  which  consequently  moves.  Tet  plants 
do  not  of  course  possess  nerves  or  a  central  nervous  system ;  and 
we  may  infer  that  with  animals  such  structures  serve  only  for  the 
more  perfect  transmission  of  impressions  and  for  the  more  com- 
plete intercommunication  of  the  several  parts."  The  closing  sen- 
tence of  the  book  may  be  appended  to  this.  *^  It  is  haroly  an 
exaggeration  to  say  that  the  tip  of  the  radicle,  thus  endowed, 
and  naving  the  power  of  directing  the  movements  of  the  adjoin- 
ing parts,  acts  like  the  brain  of  one  of  the  lower  animals." 

The  movements  *'  excited  by  light  and  gravitation,"  as  well  ai 
the  nyctotropic  or  sleep-movements  so-called,  are  (as  we  have 
alreacly  stated)  all  referred  by  Mr.  Darwin  to  modified  circumna- 
tation,  "  which  is  omnipresent  whilst  growth  lasts,  and  after 
growth  has  ceased  whenever  pulvini  are  present,"  as  in  seven! 
classes  of  leaves.  As  respects  the  relation  of  external  agents  to 
the  movements,  note  Mr.  Darwin's  remark :  "  When  we  speak  of 
modified  circuranutation  we  mean  that  light,  or  the  alternations 
of  light  and  darkness,  gravitation,  slight  pressure  or  other  irri- 
tants and  certain  innate  or  constitutional  states  of  the  plant,  do 
not  directly  cause  the  movement ;  they  merely  lead  to  a  tempo- 
rary increase  or  diminution  of  those  spontaneous  changes  in  the 
turgescence  of  the  cells  which  are  already  in  progress." 

Certain  parts  of  plants  turn  or  grow  eartnward.  When  this 
is  attributed  to  gravitation,  as  it  commonly  is,  the  physicists 
have  opportunity  to  complain  of  a  misuse  of  the  term.  Althousli 
Mr.  Darwin,  like  other  writers,  speaks  of  the  influence  of  light 
and  of  gravitation  in  the  same  breath,  without  discrimination, 
we  note  with  satisfaction  his  disagreement  with  those  who  "  look 
at  the  bending  of  a  radicle  towards  the  center  of  the  earth  as  the 
direct  result  of  gravitation,"  and  note  especially  the  concluding 
dictum,  "  Gravity  does  not  appear  to  act  in  a  more  direct  man- 
ner on  a  radicle  than  it  does  on  any  lowly  organized  animal, 
which  moves  away  when  it    feels  some    weight  or    pressure." 
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rhy,  we  wonld  ask,  need  the  word  gravity  or  gravitation  be 
Bed  at  all  in  this  connection  ? 

The  introduction  to  this  volume  contains  a  short  article  upon 
le  terminology  which  is  adopted  in  it,  chiefly  as  regards  such 
ords  as  epinasty  and  hyponasty^  seotropism  and  related  teims, 
hich  It  is  most  convenient  to  employ,  and  also  the  names  of  the 
^yeral  parts  of  the  embryo  and  seedling.  This  is,  we  believe, 
iinost  the  first  English  book  in  which  the  axial  part  of  the  dico- 
fledonous  embryo  below  the  cotyledons  (the  radicle  of  the  syste- 
latic  botanists  even  of  the  present  day^  is  distinctly  recognized 
1  hypocotyledonous  or  initial  stem,  although  on  the  continent 
nd  in  America  this  has  long  been  taught  and  accepted.  None 
be  less  so  although  the  term  radicle  has  been  retained  for  it 
until  recently  by  the  present  writer,  at  least),  in  order  not  to 
•reak  with  the  terminology  of  systematic  works.  Mr.  Darwin, 
a  this  volume,  shortens  the  expression  of  ^^hypocotyledonous 
lem"  into  the  term  hypocotyl^ — a  fairly  good  English  term,  cer- 
ainly  better  than  the  French  tigeUe,  The  objection  to  both  is 
hat  the  words  will  not  take  a  substantive  Latin  form,  as  all  such 
erms  should.  Wherefore  the  better  name — an  old  one  which  we 
Ave  reverted  to  in  the  last  edition  of  the  Botanical  Text-book 
Stmctural  Botany) — is  catdicle  or  caiUiculus,  The  initial  root, 
?hich  grows  from  the  lower  end  of  the  caulicle  (or  "  hypocotyl") 
Hr.  Darwin  calls  the  radicle,  following  in  this  the  ordinary  Eng- 
ish  usage,  except  in  very  definitely  distinguishing  it  from  the 
lauline  part  above  it.  Being  simply  rooty  we  have  preferred  uni- 
onnly  to  call  it  so,  thus  avoiding  a  word  which  the  systematists 
lave  all  along  applied  to  the  caulicle.  Although  initial  stem  and 
oitial  root  are  most  clearly  discriminated  in  the  present  volume, 
'et,  in  the  accounts  of  the  germination  of  the  ordinary  Dicotyle- 
Ions,  it  appears  to  be  implied  or  stated,  either  that  it  is  the  root- 
>art  which  first  projects  from  the  seed-coats  and  that  the  stem- 
>art  begins  its  development  later,  or  that  the  axial  part  of  the 
smbryo  conspicuously  preexisting  in  the  seed  is  root  and  not 
rtem.  We  take  it  to  be  quite  otherwise,  namely,  that  this  axial 
part  in  the  seed  is  cauline,  and  that  ordinarily  it  protrudes  or 
makes  some  growth  in  length  before  root-formation  begins. 

A  few  misprints  of  names  of  plants  will  in  nowise  mislead  or 
trouble  any  botanist,  except  possibly  in  the  case  of  Apium 
graveolenSy  which  on  p.  422  and  424,  and  in  the  index,  is  printed 
Apios,  A.  G. 

2.  Euccdyptographia :  A  Descriptive  Atlas  of  the  Micalypts 
of  Australia  and  the  ac^oining  islands ;  by  Baron  Feed,  von 
Mfllsb,  K.C.M.G.  London  and  Melbourne:  1880. — This  is  the 
sixth  decade  of  the  Atlas,  and  contains  descriptions  of  the  follow- 
ing species :  Exicalyptus  huprestiuniy  globtduSy  megacarpa^  min- 
iatOy  occidentalism  peltata,  punctata^  setosa^  stellvlata  and  tetra- 
gona.  The  detailed  account  of  Eucalyptus  globulus,  the  ordinary 
"Blue  Gum-tree,"  contains  many  facts  of  interest, which  may  be 
here  briefly  noticed. 


260  Scientific  TnUUigenct, 

(1.)  Degree  of  resistance  to  frost.  This  depends  on  the  age  of 
the  plant  (older  trees  standing  best),  on  the  amount  of  moistnre 
in  its  surroundings  (dry  places  most  favorable),  and  on  the  degree 
of  shelter  from  the  wind.  Grown-up  trees  did  not  suffer  at  all 
during  the  cold  winter  of  1879-80  at  Antibes,  although  the  tem- 
perature fell  as  low  as  15°  F.,  and  the  monks  of  Ire  Fontane, 
after  repeated  observations,  maintain  that  the  tree  will  bear  a 
temperature  of  17°  F.,  and  this  appears  to  be  in  accord  with  expe- 
rience in  parts  of  Australia.  In  the  cool,  elevated  but  sheltered 
region,  surrounding  the  alpine  height  of  Mt.  Buller,  Baron  von 
MUller  observed  snow  lodging  in  large  masses,  and  for  pro- 
tracted periods,  on  the  branches  of  the  tree,  eventually  injarinff 
even  strong  linibs,  but  the  stem  and  main  branches  remained 
unhurt,  pushing  forth  new  shoots  and  foliage  in  the  spring.  Pro- 
fessor Goppert,  Dr.  Haveret-Wattel  and  others  "observed  that 
E,  globulus  will  bear  a  severe  degree  of  cold  transiently  (about 
20°  F.),  if  it  lasted  not  sufficiently  long  to  congeal  the  sap  to  idt 
great  extent  and  provided  also,  that  the  new  wood  was  well 
matured  and  the  spot  of  growth  a  dry  one." 

(2.)  The  drainage  of  swamps  by  Eucalyptus.  According  to 
Baron  von  Mdller,  it  was  through  the  Archbishop  of  Melboarne, 
that  plantations  of  this  tree  were  first  established  for  diminishing 
the  miasmatic  exhalations  of  the  Pontine  marshes.  The  follow- 
ing is  an  extract  from  a  letter  from  the  Archbishop  to  Baron  Mfll- 
ler,  under  date  of  17th  Dec,  1879:  "The  Eucalyptus  globulus  wu 
first  raised  in  the  Campagna  from  seeds  kindly  presented  to  me  by 
you  on  my  visit  to  Rome  in  1869,  to  attend  the  Vatican  (3eneru 
Council.  I  handed  the  seeds  to  the  Superior  of  the  Trappistr 
monks,  who  occupied  the  monastery  and  grounds  of  the  Tre  Fon- 
tane, a  most  fever-stricken  locality.  On  my  next  visit  to  Rome, 
made  a  few  years  later,  I  had  the  pleasure  to  see  the  good  resalti 
of  your  kind  and  thoughtful  presentation  in  the  vigorous  growth 
of  many  Gum-trees  acting  most  wholesomely  on  poisonous  air  of 
that  portion  of  the  Campagna." 

But  at  Gaeta,  trees  were  planted  by  Royal  order  in  1864,  and 
in  1878  one  of  them  measured  eleven  feet  in  girth,  and  was  100 
feet  high.  It  may  be  remembered  that  another  species  of  this 
genus,  E,  amygdalina^  surpasses  this  one  both  in  rapidity  of 
growth,  and  in  the  height  which  it  ultimately  attains. 

The  author  deals  to  some  extent  with  the  medicinal  propertiei 
of  the  products  of  the  tree,  and  has  also  some  remarks  upon  the 
influence  of  the  forests  of  Blue-gum  trees  upon  phthisis. 

(3.)  Strength  of  the  timber.  In  one  set  of  experiments  the 
pieces  subjected  to  test  were  seven  feet  long  by  two  inches  square. 

No.    4,  seasoned  8  months,  broke  with  a  total  weight  of 819  lbs. 

No.    6,         "        2  to. J  years,      "  "  **    ...1029   »' 

No.  15,         ♦•      20  years,  "  "  *'    .-.1330    " 

In  some  experiments  with  wood  of  the  same  dimensions,  Mr.  Lafr 
kett  found  that  when  the  weight  was  suspended  in  the  middle, 
both  ends  free,  the  average  was  712  lbs.,  being  very  much  lew 
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than  that  recorded  by  Mr.  Mitchell.  Experiments  by  Baron  von 
Mtlller  and  J.  H.  Ltlhmann,  upon  wood  two  feet  long  and  two 
inches  sqnare,  gave  the  following  results : — Weight  required  to 
break  a  truncheon  of 

EtuxOyphLS  gMndus, 2262  to  3752  lbs. 

Euealypltta  Leucoxyion,  Victorian  IroD  Bark  Tree .3144    " 

Eitcalffptvs  obliqua,  "Messmate," 1776    " 

^««ra»  olfto,  American  White  Oak, 2086    " 

♦*  *»  •»         1644    " 

Pimu  sUt-estris,  Baliic  Deal, 1368    " 

The  vertical  or  crushing  strain  on  cubes  of  two  inches  *  was  from 
ten  to  twelve  tons. 

So  much  for  the  strength  of  this  wonderful  wood.  Now  one 
word  regarding  the  yield  of  wood  by  a  single  tree.  At  Soutb- 
Port,  Mr.  James  Dickinson  noticed  a  tree  of  ^.  globultiSy  which, 
according  to  a  local  shipwright,  would  fully  suffice  to  build  a 
oinety-ton  schooner.  In  addition  to  the  figures  of  the  species  and 
the  usual  analytic  details,  the  present  decade  contains  a  well-exe- 
cuted plate  showing  the  histology  of  the  bark  of  Blue-Gum,  and 
a  full  bibliography  of  the  same  species.  The  latter  well  bears 
out  the  statement  of  the  author,  that  ^'  Perhaps  not  even  to  the 
Koyal  Oak  of  England  has  such  an  extensive  literature  been 
devoted  at  any  particular  period  as  to  our  BIuo-Gum  tree  witbin 
the  last  twenty  years.'^  g.  u  o. 

8.   The  Flora  of  Essex  County^  Ma^as. ;  by  John  Robinson. 
Salem,  Essex  Inst.,  1880. — This  is  a  substantial  octavo  of  200  pages. 
It  is  not  a  systematic  description  of  the  vegetation  of  the  district,  as 
might  perhaps  be  inferred  from  the  title,  but  it  is  far  more  than  a 
mere  catalogue.     It  comprises  a  list  of  the  flowering  plants  and  a 
large  part  of  the  Cryptogams,  with  copious  notes  upon  the  locali- 
ties, where  such  information  seemed  necessary.     Mr.  Robinson's 
valuable  annotations  deal  with  a  wide  range  of  subjects,  but 
never  wander  out  of  sight  of  the  plant.     A  short  and  dincriminat- 
ing  sketch  of  the  early  Botanists  of  Essex  County  adds  greatly 
to  the  interest  of  the  volume.  g.  l,  g. 

4.  Botany  of  California^  Vol.  2  ;  by  Sekeno  Watson.  Uni- 
versity Press,  Cambridge,  Mass.  1880. — ^This  volume  completes 
the  Flora  of  the  State  of  California.  The  first  volume  has  been 
re-issued  with  typographical  corrections ;  the  second  volume  con- 
taining all  the  important  additions  to  the  earlier  orders.  A  notice 
of  this  very  attractive  and  most  useful  work  will  be  given  in  a 
subsequent  number  of  this  Journal.  The  volumes  can  be  pro- 
cured from  the  Curator  of  the  Herbarium  of  Harvard  University, 
Cambridge,  Mass.  The  price  to  botanists  is  $6.00  for  each  vol- 
ume, (postage  45  cts.  additional).  <;.  l.  (t. 

5.  &iant  Squid  (Architeuthis)  abundant  in  1875,  at  the  Grand 

Banks;  by  A.  E.  Vkrrill. — From  Capt.  J.  W.  Collins,  now  of 

the  U.  S.  Pish  Commission,  1  learn  that  in  Oct.,  1875,  an  unusual 

number  of  giant  squids  were  found  floating  at  the  surface,  on  the 

Grand  Banks,  and  mostly  entirely  dead,  and  more  or  less  mutila- 
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,  bv  Wrt^*'  *"*'  fi«he».    In  very  few  cases  they  were  not  quite 
J     \  'but  ontiivlT  disabled.     These  were  seen  chiefly  between  N. 

I  L  M'^^nd  44"*  '^0'5  an^  between  W.  long.  49^  30^  and  49°  50'. 

II  bolieves  that  between  twenty-five  and  thirty  specimens  were 
red  bv  the  fleet  from  Gloucester,  Mass.,  and  that  as  many 

**^"  were  pwbably  obtained  by  the  vessels  from  other  j)laces. 

Th  V  won?  cut  up  and  used  as  bait  for  cod-fish.     For  this  use 

h   'an*  of  considerable  value  to  the  fishermen.     Capt.  CoUifis 

^  **  at  that  time  in  command  of  the  schooner  *  Howard,'  which 

^^iired  five  of  these  giant  squids.     Tliese  were  mostly  from  ten 

fifteen  feet  long,  not  including  the  arms,  and  averaged  about 

i  rhteen  inches  in  diameter.     The  arms  were  almost  always  muti- 

\  ^h\.    Th^  portion  that  was  left  was  usually  three  to  four  feet 

lonir  an<J»  *^  ^^®  base,  about  as  large  as  a  man's  thigh. 

One  specimen,  when  cut  up,  was  packed  into  a  large  hogshead 
tub  having  a  capacity  of  about  seventy-five  gallons,  which  it 
filled.  This  tub  was  known  to  hold  700  pounds  of  cod-fish.  The 
gravity  of  the  ArchiteuthU  is  probably  about  the  same  as  that  of 
^0  fish.  This  would  indicate  more  nearly  the  actual  weight  of 
one  of  these  creatures  than  any  of  the  mere  estimates  that  have 
been  made,  which  are  usually  much  too  great.  AUow^ing  for 
the  parts  of  the  arms  that  had  been  destroyed,  this  specimen 
would  perhaps,  have  weighed  nearly  1,000  pounds. 

Among  the  numerous  other  vessels  that  were  fortunat-e  in 
securing  this  kind  of  bait,  Capt.  Collins  mentions  the  following : 
■pio  schr.  "  Sarah  P.  Ayer,"  Capt.  Oakly,  took  one  or  two.  The 
4.  J.;;.  H.  Xickerson,"  Capt.  McDonald,  secured  one  that  had  its 
jirms*  a"*^  ^"^^  "^^  entirely  dead,  so  that  it  was  harpooned.  Its 
tentacular  arms  were  thirty-six  feet  long.  The  schr.  "Tragabig- 
landii,"  Capt.  ]\Iall(>ry,  secured  three  in  one  afternoon.  These  were 
oijrht  to  twelve  feet  long,  not  inchnling  the  arms.  These  state- 
nionts  are  confirmed  by  other  fishermen,  some  of  whom  stale  that 
the  *' big  squids'"  were  also  common,  during  the  same  season,  at 
tbe  *'  Flemish  Cap,"  a  bank  situated  some  distance  northeast  from 
I  bo  (Jrand  Hanks. 

The  cause  of  so  great  a  mortality  among  these  great  Cephalo- 
iH^*ls  can  only  be  conjectured.  It  may  have  been  due  to  some 
Jlisease  epidemic  among  them,  or  to  an  unusual  prevalence  of 
deadly  jmrasites  or  otlier  enemies.  It  is  worth  while,  however, 
lo  recall  t  he  fact  that  these  w(.*re  observed  at  about  the  same  time, 
in  autumn,  when  m<>st  of  the  specimens  have  been  found  cast 
ashore  at  Newfoundland,  in  difterent  veai*s.  This  season  mav, 
perhaps,  be  just  subsequent  to  their  season  for  reproduction, 
when  they  would  be  so  much  weakened  as  to  be  more  easily  over- 
powere^l  by  parasites,  disease,  or  other  unfavorable  conditions. 
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IV.  Miscellaneous  Scientific  Intelligence. 

1 .  Zeitsckrifl  fUr  Instriimentenkunde :  Organ  fiXr  Mittheilung- 
en   aus  dent  gesammten  Gehiete  der  wiS8e7i8chaftUchen   Technik, 
No    1,  January,  1881.  40  pp.  small  4to.  Berlin  (Julius  Springer — 
B.  Westermaun  &  Co.,  agents  in  New  York.) — The  prospectus  of 
this  new  Journal  states  that  it  will  be  devoted  to  the  discussion 
of  all  subjects  immediately  connected  with  the  design  and  con- 
struction of  scientific  instruments  and  apparatus.     These  will  be 
treated  both  from  the  standpoint  of  the  investigator  and  also  that 
of  the  mechanician,  in   order  that  the  scientific  learning  of  the 
former  and  the  technical  knowledge  and  experience  of  the  latter 
may  be  combined  to  produce  the  best  results.     The  list  of  editors 
comprises  twenty  names,  including  many  of  those  who  have  the 
'best    reputation   in   Germany   for  the   manufacture  of  scientific 
instruments,  as  well  as  able  physicists.     In  the  highest  class  of 
research  in  all  branches  of  physical  science,  and  too  in  their  prac- 
tical applications,  the  use  of  instruments  of  precision  takes  so 
prominent  a  place  that  every  effort  that  is  made  with  the  object 
of  improving  them  cannot  fail  to  have  an  immediate  useful  effect. 
This  the  new  Journal  promises  to  do,  and  the  namei^of  those  who 
appear  in  the  editorial  staff",  and  of  those  from  whom  articles  are 
promised,  in  early  numbers,  are  a  guarantee  that  its  standard  will 
oe  a  high  one. 

The  January  number  contains  the  following  articles: — Normal 
barometer  and  manometer,  by  R.  Fuess ;  on  the  illumination  of 
micrometer  arrangements,  by  W.  Forster ;  on  the  construction 
and  investigation  of  micrometer  screws,  by  C  Reichel ;  on  spec- 
trum apparatus,  by  II.  C.  Vogel ;  a  rotating  spectrum  apparatus, 
by  O.  Lohse;  on  the  graphic  method  in  Physiology  and  on  a  tel- 
egraphic kymometer,  by  H.  Kronecker.  In  addition,  there  are 
also  short  notices,  reports  of  society  transactions,  and  abstracts 
from  periodical  and  patent  literature.  In  the  numbers  next  to 
follow  are  promised  articles  on  the  present  stand  of  thermometry, 
the  construction  of  balances  of  }5recision,  the  application  of  elec- 
tricity to  meteorological  registration  apparatus,  and  many  others 
of  equal  interest. 

2.  Academy  of  Sciences^  Paris. — Dr.  B.  A.  Gould,  of  Boston, 
Who  has  been  for  many  years  Director  of  the  Observatory  at 
Cordoba,  and  has  published  within  the  past  year  the  Uranometria 
-Argentina,  as  a  first  part  of  the  results  of  his  telescopic  study  of 
the  Southern  heavens,  has  been  elected  a  member  of  the  Section 
of  Astronomy  of  the  French  Academy  of  Sciences,  in  place  of  the 
late  Professor  C.  A.  F.  Peters,  of  Kiel. 

3.  Bihliographie   Generals  de  l\4stro7wm?e.      Tome  II.      Jtfe- 

^Tir/ires  et  Notices  ifiseres  dans  les  (JoUectiojis  academigues  et  les 

Jievues.     Tst  fasciculus ;  by  J.  C.  IIouzkau  and  A.  Lancaster, 

^russells,  Dec.  1880.     Large  8vo,  pp.  86,  and  336  columns. — This 

is  the  first  part  of  the  second  volume  of  a  general  Bibliography 
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of  Astronomy,  the  first  volume  not  yet  having  appeared.  Tl 
first  eighty-six  pages  are  devoted  to  lists  of  the  Academic  colle 
tions  and  jounials,  giving  the  leading  bibliographic  details  of  tl 
several  series.  The  rest  of  this  number  contains  two  sectioD 
History  and  Study  of  Astronomy  and  Biographies  of  Astron 
mers^  also  the  first  part  of  Section  dd,  Spherical  Astronomy.  Tl 
second  section,  containing  references  to  the  biographical  liter 
ture  for  apparently  about  2,500  men  more  or  less  connected  wit 
the  progress  of  astronomy,  is  of  peculiar  value  and  appears  to  I 
very  complete.  The  worlc,  as  a  whole,  will  be  one  of  the  highei 
value.  H.  A.  N. 

4.  Washburn  Ohserwxtory^  University  of  Wisconsin. — Pr 
fessor  Henry  S.  Holden,  of  the  Naval  Observatory,  Washingtoi 
has  received  the  appointment  of  Director  of  the  Washbur 
Observatory,  in  place  of  Professor  Watson,  deceased. 

6.  A  Text  Book  of  Elementary  Mechanics  for  the  use  of  Co 
leges  and  Schools;  by  Edward  S.  Dana.  291  pp.  12mo,  wit 
190  wood  cuts.  New  York,  1881.  (John  Wiley  &  Sons).— Th 
character  of  this  elementary  text  book  will  appear  from  th 
following  quotation  from  the  preface :  *'  The  chief  aim  has  bee 
to  present  the  fundamental  principles  of  the  subject  in  logics 
order  and  in*as  clear,  simple  and  concise  a  form  as  possible,  v( 
without  any  sacrifice  of  strict  accuracy.  For  the  sake  of  makin 
the  portions  ot  the  subject,  which  necessarily  involve  some  difi 
culty,  more  intelligible  to  beginners,  and  also  to  increase  th 
interest  of  the  general  principles  demonstrated  by  showing  somi 
thing  of  their  practical  bearing,  simple  illustrations  have  bee 
introduced  rather  more  fully  than  usual;  these  are  sometime 
given  in  a  few  words,  sometimes  in  more  extended  form,"  etc 
The  first  fifty  pages  are  devoted  to  the  subject  of  Kinematic* 
then  follow  several  chapters  on  the  laws  of  motion,  central  forces 
work  and  energy,  etc.,  embraced  under  Dynamics  or  Kinetics 
and  the  remainder  is  devoted  to  Statics.  The  relations  involvec 
in  the  various  simple  machines  are  developed  both  from  statica 
principles  and  too  in  accordance  with  the  principles  of  work.  ^ 
large  number  of  examples  are  given  at  the  close  of  each  section 
and  a  supplementary  list  of  examples  involving  the  metric  unitj 
is  added  at  the  end  of  the  volume. 

0.  Massachusetts  Institute  of  Technology — Abstract  of  ik 
JVoceedings  of  the  Society  of  Arts  for  the  ISth-year^  1879-80 
meetings  242-255  inclusive.  108  pp.  8vo.  Boston:  1880.— Thii 
volume  contains  a  record  of  the  meetings  of  the  Society  of  Arti 
from  Oct.  23d,  1879,  to  May  i:Uh,  1880,  including  abstracts oi  th( 
various  papers  presented ;  the  subjects  of  some  of  these  are :  tin 
parabolic  refiecting  camera,  by  W.  H.  Clarke;  an  instrument fo; 
the  determination  of  latitude,  by  S.  C.  Chandler,  Jr. ;  artificia 
alizarine,  by  Professor  J.  M.  Ordway ;  battery  and  copper  plati 
amalgamation,  by  Professor  li.  H.  Kichards ;  American  inter 
oceanic  ship  transit,  by  Dr.  S.  Kneeland,  etc. 
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i.^KI.'-^  Monograph  by  Professor  Marsh  on   il\e  Odoni- 
orniihes,  or  Toothed  Birds  of  North  Ameinca,* 

• 

a  source  of  great  satisfaction  to  the  friends  of  science 
discovery  which  called  out  at  first  some  incredulity 

rest,  as  Professor  Marsh's  work  shows,  on  the  most 
te  range  of  evidence  and  perfection  of  material  ever 

disposal  of  the  author  of  a  monograph  in  paleon- 
The  illustrations  on  the  many  beautiful  plates  of  this 
raph,  instead  of  being  figures  of  uncharacteristic  and 
/  recognizable  fragments,  as  in  many  memoirs  on  fossil 
ates,  might  be,  for  the  most  part,  so  far  as  completeness 
:erned,  representations  of  recent  bones,  and,  we  might 

say,  of  recent  skeletona  In  fact,  in  the  case  of  one 
,  the  type  of  the  genus  Hesperorm's,  not  more  than  half 
n  of  the  small  bones  are  missing;  and  in  Ichthyornu 
\yatornis,  also,  the  remains  are  remarkably  perfect,  con- 
g  the  fragile  character  of  birds'  bones.  The  success  of 
ithor  in  getting  together  all  this  so  nearly  complete 
il  is  marvelous,  especially  when  we  consider  the  rare 
jnce  of  Cretaceous  fossil    birds  any  where;    that   only 

three  species  are  known  from  European  Cretaceous 
ind  that  those  are  based  on  fragments  that  are  scarcely 
eristic.  As  a  reward  for  his  energy,  Professor  Marsh 
J  satisfaction  of  having  obtained,  so  far  as  known,  all  the 
imains  that  have  -ever  been  collected  from  the*  Kansas 

iomilhes:  A  Monograph  on  the  Extinct  Toothed  Birds  of  North  America ; 
rty-four   plates   and   forty  woodcuts.     By  Othniel  Charles   Marsii, 
r  of  Palieontology  in  Yale  College.     4to,  pp.  i-xv.  201.     Exploration  of 
Parallel,  Vol.  VII.     Washington,  D.  C.     1880. 
Ott.Sci.— Third  Sbkibs,  Vol.  XXI,  No,  124.— Apru.,  1881. 
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beds,  and  of  having  published  all  the  original  matter  that  h 
yet  been  brought  out  on  the  American  Odontomithes. 

The  present  work,  which  appears  as  volume  VII  of  the  Su 
vey  of  the  40th  Parallel,  is  also  the  first  of  the  Memoirs  of  tl 
Peabody  Museum  of  Yale  College.  It  contains,  in  its  Prefac 
an  outline  of  the  plan  of  the  series  to  be  issued,  of  which  th 
is  the  initial  volume;  and  as  this  subject  is  one  of  gener 
interest  to  paleontological  science,  we  cite  the  following  par 
graphs. 

"The  present  volume  is  the  first  of  a  series  of  monograpl 
designed  to  make  known  to  science  the  Extinct  Vertebra 
Life  of  North  America.  In  the  investigation  of  this  subjec 
the  writer  has  spent  the  past  ten  years;  much  of  it  in  the  fieli 
collecting,  with  no  little  hardship  and  danger,  the  material  f( 
study,  and  the  rest  in  working  out  the  characters  and  affinitit 
of  the  ancient  forms  of  life  thus  discovered. 

"  During  this  decade,  the  field  work,  extending  from  th 
Missouri  River  to  the  Pacific  Coast,  has  so  predominated,  t 
the  subject  unfolded,  that  a  plan  of  gradual  publication  b 
came  a  necessity.  The  more  important  discoveries  werebriefl 
announced  soon  after  they  were  made,  but  only  where  th 
specimens  on  which  they  were  based  could  be  accurately  d( 
termined.  The  principal  characters  of  the  new  groups  wei 
next  worked  out  systematically,  and  published,  with  figures  ( 
the  more  important  parts.  When  the  investigation  of  a  grou 
is  completed,  the  results,  with  full  descriptions  and  illustr 
tions,  will  be  brought  together  in  a  monograph.  This  systei 
has  been  carried  out  with  the  Odonlornidies,  in  the  presei 
memoir,  and  will  be  continued  with  the  other  groups.  Tl 
investigation  of  several  of  these  is  now  nearly  completed,  an 
the  results  will  soon  be  ready  for  publication. 

'•The  material  is  abundant  for  a  series  of  monographs  o 
the  marvelous  extinct  vertebrates  of  this  country,  and  th 
results  already  attained  are  full  of  promise  for  the  future,  i 
somewhat  careful  estimate  makes  the  number  of  new  specie 
of  extinct  vertebrates,  collected  since  1868,  and  now  in  th 
Yale  College  Museum,  about  1,000.  Nearly  300  of  these  hav 
already  been  described  by  the  writer,  and  some  have  bee 
noticed  or  described  by  other  authors,  but  at  least  one-thir 
remain  to  be  investigated. 

''Among  the  new  groups  brought  to  light  by  these  n 
searches,  and  already  made  known  by  descriptions  of  thei 
princi|:)ftl  characters,  are  the  following,  which  will  be  fully  d( 
scribed  in  subseciuent  volumes  of  the  present  series. 

"The  first  Pterodaetyles,  or  flying  reptiles,  discovered  in  thi 
country,  were  found  by  the  writer  in  the  same  geological  hori 
zon  with  the  OdontornUhes^  described  in  the  present  volamc 
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hese  were  of  enormous  size,  some  having  a  spread  of  wings  of 
early  twenty-five  feet ;  but  they  were  especially  remarkable 
)r  the  absence  of  teeth,  and  hence  resembling  recent  birds, 
'hey  form  a  new  order,  called  Pteranodontia^  from  the  type 
eaus  Pieranodon.  Of  this  group,  remains  of  more  than  six 
mndred  individuals  are  now  in  the  Yale  College  Museum ; 
jnple  material  to  illustrate  every  important  point  in  their 
)8teo1ogy. 

"  With  these  fossils,  were  found  also  great  numbers  of  Mosa- 
»uroid  reptiles,  a  group  which,  although  rare  in  Europe, 
attained  an  enormous  development  in  this  country,  both  as  to 
numbers  and  variety  of  forms.  Remains  of  more  than  fourteen 
hundred  individuals,  belonging  to  this  order,  were  secured 
during  the  explorations  of  the  last  ten  years,  and  are  now  in 
the  Museum  of  Yale  College. 

"The  most  interesting  discoveries  made  in  the  Jurassic  for- 
mation were  the  gigantic  reptiles  belonging  to  the  sub-order 
&ttn>porfa,  including  by  far  the  largest  land  animals  yet 
discovered.  Another  remarkable  group  of  large  reptiles 
found  in  the  same  formation  were  the  Stegosauria,  Other 
Dinosaurs  from  the  same  horizon,  the  "  Atlantosaurus  beds," 
show  that  this  was  the  dominant  form  of  vertebrate  life  in  that 
age,  and  many  hundred  specimens  of  these  reptiles  are  now  in 
the  Yale  Museum.  In  a  lower  horizon  of  the  same  formation, 
the  "Sauranodon  beds,'*  were  found  the  remains  of  a  peculiar 
new  group  of  reptiles,  the  Sauranodonta^  allied  to  Ichthyosaurus^ 
but  without  teetn. 

"In  the  Eocene  deposits  of  the  Rocky  Mountains,  the  writer 
discovered  a  new  order  of  huge  mammals,  the  Dinocerata.  Re- 
mains of  several  hundred  individuals  were  secured,  and  a 
monograph  on  the  group  will  follow  the  present  memoir.  In 
the  same  formation  were  found  the  remains  of  another  new 
order  of  mammals,  the  lilhdontia,  in  many  respects  the  most 
remarkable  of  any  yet  discovered.  In  the  same  Eocene  de- 
posits were  secured  the  first  remains  of  fossil  Primates  known 
irom  North  America,  as  well  as  the  first  Chiroptera,  and  Mar- 
supialia.  Abundant  material  also  was  found  in  the  same  re- 
gion to  illustrate  the  genealogy  of  the  horse,  and  a  memoir  on 
this  subject  is  in  course  of  preparation." 

We  confine  our  notice  of  Professor  Marsh's  volume  to  a  brief 
rfeura6  of  the  facts  relating  to  the  structure  of  the  Toothed 
Birds ;  an  account  of  the  interesting  facts  pertaining  to  the  brains 
of  these  ancient  birds  as  compared  with  the  same  in'^related 
modem  kinds;  and»to  a  presentation  at  length,  chiefly  by  quo- 
tations from  the  work,  or  the  author's  important  biological  and 
paleontological  conclusions.  These  conclusions  and  many  of 
the  facts  have  not  yet  been  brought  out  in  this  Journal 
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The  Cretaceous  deposits  of  Kansas,  which  have  afforded  al) 
the  remains  of  Odontornithes,  thus  far  found  in  America,  consist 
of  beds  of  a  fine  yellow  chalk  and  a  calcareous  shale,  which 
have  been  little  disturbed,  and  to  this  fact,  the  wonderful 
preservation  of  the  fragile  bones  here  described  is  due.  The 
strata  containing  them  correspond  to  what  has  been  called 
by  Marsh  the  "Pteranodon  beds,"  a  part  of  Meek  and  Hay. 
den's  Cretaceous  Number  3.  This  horizon  is  extremely  rich  in 
vertebrate  fossils,  and  contains  many  fishes,  Mosasauroid  rep- 
tiles, Plesiosaurs  and  Pterodactyles. 

The  first  specimen  of  Odoniomithes  found  was  the  distal  end 
of  a  tibia  collected  by  Professor  Mai*sh  in  1870.  Other  por- 
tions of  the  skeleton  were  soon  afterward  brought  to  light,  and 
the  importance  of  the  group  being  early  recognized,  an  unre- 
mitting search  for  these  fossils  was  kept  up  for  ten  years.  A$ 
the  result  of  this  field  work,  there  are  now  in  the  Yale 
Museum  more  than  one  hundred  individuals  of  this  group^ 
among  which  are  several  almost  complete  skeletons  of  Uezptr- 
01)118  and  rich  material  of  Icftlhyomis. 

**  A  study  of  this  extensive  series  of  Bird  remains  brings  to 
light  the  existence  of  two  widely  separated  types  in  this  class, 
which  lived  together  during  the  Cretaceous  period,  in  the  same 
region,  and  yet  differed  more  from  each  other  than  do  any  two 
recent  birds.  Both  of  these  types  possessed  teeth,  a  character 
hitherto  unknown  in  the  class  of  Birds,  and  hence  they  have 
been  placed  by  the  writer  in  a  separate  sub-class,  the  Odontor- 
nitlits.  One  of  these  groups  includes  very  large  swimming 
birds,  without  wings,  and  with  the  teeth  in  grooves  {Odontolm)^ 
represented  by  the  genus  Ilesperorms,  The  other  contains 
small  birds,  endowed  with  great  powers  of  flight,  and  having 
teeth  in  sockets  (Odontoiornue)^  and  biconcave  vertebras:  a  type 
best  illustrated  by  the  genus  Ichlhyornis.  Other  characters, 
scarcely  less  important,  ap|)ear  in  each  group,  and  we  have 
thus  a  vivid  picture  of  two  primitive  forms  of  bird  structure, 
as  unexpected  as  they  are  suggestive.  A  comparison  of  these 
two  forms  with  eacli  other,  and  with  some  recent  birds,  prom- 
ises to  clear  away  many  difficulties  in  the  genealogy  of  this 
class,  now  a  closed  type;  and  hence  they  are  well  worthy  of 
the  detailed  description  and  full  illustration  here  devoted  to 
them.'' 

Hesjjerornis^  the  type  of  the  order  Odontolcue^  was  an  aquatic 
bird  of  great  size,  measuring  almost  six  feet  from  the  tip  of  the 
bill  to  the  end  of  the  toes.  Owing  to  the  completeness  of  the 
remains,  its  affinities  and  probable  habits  have  been  very  fullj 
and  clearly  made  out. 

The  teeth  had  conical  pointed  crowns  covered  with  smooth 
enamel  and  somewhat  directed  backward,  and  their  fangs  were 
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^ery  stout.  In  form  they  closely  resemble  the  teeth  of  some 
tfosasauroid  reptiles. 

There  were  fourteen  functional  teeth  in  the  maxillary  bone 
of  Hesperornis  regalis^  the  premaxillary  being  edentulous,  while 
in  each  ramus  of  the  lower  jaw  there  were  thirty-three,  extend- 
ing from  near  the  anterior  extremit}*  along  the  entire  upper 
margin  of  the  dentary  bone.  These  teeth  were  implanted  in  a 
•continuous  groove,  and  were  no  doubt  held  in  place  during  life 
by  cartilage,  and  thus  probably  had  a  slight  fore  and  aft 
motion.  The  method  of  replacement  of  the  teeth'was  similar 
to  that  which  obtains  in  some  reptiles.  The  young  tooth  was 
fonned  on  the  inner  side  of  the  fang  of  the  one  which  it  was  to 
replace,  and  a  pit  was  there  excavated  for  it  by  absorption. 
As  it  increased  in  size,  the  fang  of  the  old  tooth  became  more 
and  more  eaten  away,  and  it  was  finally  expelled  by  the  new 
one,  which  occupied  the  same  position.  Thus  the  number  of 
teeth  always  remained  the  same. 

The  results  of  Professor  Marshes  investigations  of  the  law  of 
brain  growth  in  Tertiary  Mammals  are  supplemented  in  a  very 
interesting  manner  by  his  study  of  the  brains  of  these  Creta- 
eeoas  birds,  and  he  concludes  that  the  same  principles  hold 
good  for  them  as  for  the  former  class. 

The  brain  of  Hesperornis  (figure  1)  was  very  small  and 
was  far  more  reptilian  in  type  than  that  of  any  other  known 
bird.  The  olfactory  lobes  were  large  and  their  nerves  passed 
oat  of  the  cranium  through  separate  foramina,  one  on  each  side 
of  the  interorbital  septum.  The  cerebral  hemispheres  were 
^mall,  nart'ow  and  elongated,  and  were  separated  by  a  median 
ridge  of  bone  depending  from  the  roof  of  the  skull.  The  cere- 
bellum is  relatively  very  larga  The  optic  lobes  were  large 
and  prominent  ana  present,  resemblances  in  size  and  position 
to  those  of  reptiles. 

Compared  with  the  brain  of  Colymhus  (figure  2)  the  brain 
<A  Hesperornis  presents  some  interesting  features.  It  was  less 
than  one-third  the  size  of  that  of  the  Loon,  but  the  most  re- 
markable difference  is  in  the  cerebral  hemispheres,  which  in 
Mymbus  are  much  expanded  transversely  and  constitute  by 
far  the  larger  portion  of  the  braia. 

The  bill  of  Ilesfyerornis  was  long  and  slender,  and  the  skull, 
as  a  whole,  was  shaped  somewhat  like  that  of  the  loon,  Colym- 
im  (orquatus  Briinnich.  The  cranium  in  its  more  important 
features  presents  many  resemblances  to  that  of  some  living  Stru- 
thioQS  birds,  and  these  point,  no  doubt,  to  a  real  affinity  with 
this  group.  The  neck  was  long  and  flexible,  the  scapular  arch 
very  feeble,  and  there  were  no  functional  wings;  the  only  bone 
of  the  arm  riepresented  being  the  humerus,  which  had  no  artic- 
ular surface  at  its  distal  end.     The  sternum  was   broad  and 
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Figure  I. — (I'ltline  o{  skull  and  brftin-cavity  of  Htaprromit  regalU,  M«r8h;  I 

Irom  above;  tlirec-IillliB  natural  siio. 
Figuro  'i. — Oiitlino  ot  Bkitll  ami  lirain-cavity  oC  the  Loon,  (CUymhu  lorqm 

BrODiiioli);  samcTibw;  natural  size. 

ot.   oiracloiT  lobes ;    c.   cerebral   bemiBpheroa  ;    op.   optic  lobM ;  ci.  ci 

boliura;  /.  floccuU;  m,  tnediiWa. 
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OBg,  but  was  wholly  without  a  koel.  The  pelvis  was  greatly 
iloDgated  and  somewhat  resembles  that  of  the  Grebes.  The 
icetabulum,  instead  of  being  a  mere  ring  of  bone,  as  in  most 
3ir(ls,  is  wholly  closed  internally,  with  the  exception  of  a  fora- 
men perforating  the  inner  wall.  The  posterior  extremities  of 
the  ilium,  ischium  and  pubis  are  free,  as  in  some  Ralitce  and  in 
Tinamus.  The  tail  is  long,  being  composed  of  twelve  verte- 
brae, a  greater  number  than  is  found  in  any  recent  bird,  except 
possibly  the  great  Auk  (Alca  impennis).  The  middle  and  dis- 
lal  caudals  have  extremely  long  and  widely  expanded  trans- 
feree processes,  and  by  these  lateral  movement  was  much 
•estricted,  so  that  the  principal  motion  of  the  tail  must  have 
)een  vertical,  and  it  was  no  doubt  a  powerful  aid  in  diving. 
Phe  so-called  plowshare  bone  of  modern  birds  is  represented 
>y  the  codssification  of  the  last  three  or  four  vertebrae,  which, 
lowever,  form  a  flat  depressed  bone  not  at  all  resembling  its 
lomologue  in  the  bird  of  to-day. 

The  legs  of  Hesperomis  resemble  those  of  PodicepSj  and  are 
ery  larca  As  they  constituted  the  sole  means  of  locomotion, 
hey  haa  been  brought  to  the  highest  perfection,  but  were 
adapted  solely  for  progression  through  the  water.  "  Provision 
vas  made  for  a  very  powerful  backward  stroke  followed  by  a 
laick  recover V,  with  little  loss  by  resistance,  a  movement  quite 
malogous  to  the  strong  stroke  of  an  oar,  feathered  on  its  return.'' 
Che  motion  of  the  limb  was  in  a  vertical  plane,  but  by  a  pecu- 
iar  articulation  of  the  digits,  present  also  in  some  existing  div- 
Dg  birds,  these  members,  as  the  foot  was  moved  forward,  were 
martially  rotated  so  that  the  narrowest  edge  of  the  fourth  and 
ongest  was  brought  to  the  front,  and  thus  the  least  possible 
esistance  presented  to  the  water.  The  remaining  digits  fol- 
owed  behind  the  fourth,  and  the  foot  was  not  expanded  until 
he  beginning  of  the  backward  stroke. 

Professor  Marsh,  in  his  chapter  on  the  Restoration  of  Hes- 
•eronj/5,  gives  the  following  among  his  conclusions  with  regard 
0  this  order : 

"  Hespei-omia  was  a  typical  aquatic  bird,  and  in  habit  was 
loubtless  very  similar  to  the  Loon,  although,  flight  being  im- 
)08sible,  its  life  was  probably  passed  entirely  upon  the  water, 
ixcept  when  visiting  the  shore  for  the  purpose  of  breeding. 
The  nearest  land  at  this  time  was  the  succession  of  low  islands 
^hich  marked  out  the  present  range  of  the  Rocky  Mountains, 
[n  the  shallow  tropical  sea,  extending  from  this  land  five  hun- 
Ired  miles  or  more  to  the  eastward,  and  to  unknown  limits 
north  and  south,  there  was  the  greatest  abundance  and  variety 
of  fishes,  and  these  doubtless  constituted  the  main  food  of  the 

E resent  species.     Hesperomis^  as  we  have  seen,  was  an  admira- 
le  diver,  while  the  long  heck  with  its  capabilities  of  rapid 
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flexure,  and  the  long  slender  jaw8  armed  with  sharp  recurved 
teet.h  formed  together  a  perfect  instrument  for  the  capture  and 
retention  of  the  most  agile  fish.  As  the  lower  jaws  were 
united  in  front  only  by  cartilage,  as  in  Serpents,  and  had  on 
each  side  a  joint  which  admitted  of  some  motion,  the  power  of 
swallowing  was  doubtless  equal  to  any  emergency. 

"Having  thus  shown  what  the  skeleton  of  ffesperomu is, 
and  what  its  mode  of  life  must  have  been,  it  remains  U)  con- 
sider the  more  important  question  of  how  the  peculiar  combi- 
nation of  general  and  specialized  characters  manifested  in  it) 
structure  originiited.  The  two  most  striking  features  of  Hapt. 
roriiia  are  the  teeth,  nnd  the  limbs,  and  an  inquiry  in  r^ard 
to  tliem  first  suggests  itself. 


Pigiiri!  .1.— TiMilli  nf  H-^ieromia  T'galis  (No.  1206);  enlarged  eight  dibmeton. 
Figure  4. — 'I'tmili  of  Mosaaauna  pHaetps,  Marali ;  half  natural  sUe. 

a.  crmmcl  of  rrown ;  b.  dentine ;   b'.  root  al  tooth ;  c'.  absorbed  caTil;  b 

root ;  d.  yoKtuf'  tootli, 

"Tlic  teeth  of  //esperorni's  may  be  regaixled  as  a  character 
inherited  from  a  reptilian  ancestry.  Their  strong  reserablanee 
to  the  teeth  of  reptiles,  in  form,  structure,  and  succession,  is 
evidence  of  this,  and  their  method  of  iniplanUition  in  a  com- 
mon alveolar  groove  (Hoicodont),  conforms  strictly  to  what  we 
have  in  one  wcti  kno^n  group  of  reptiles  exemplified  bj 
/cliOii/osaunts.  This  metliod  of  insertion  in  the  jaw  is  a  primi- 
tive <lental   character,   quite  difl'erent  from  what  we  anoald 
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turally  expect  as  an  accompaniment  of  the  modern  style  of 
rtebra,  ana  is  a  much  lower  grade  than  the  implantation  of 
e  teeth  in  distinct  sockets  (Thecodont),  a  feature  characteris- 
:,  as  we  shall  see,  of  another  group  of  Odontornithes,  of 
bich  Ichthyornis  is  the  type.  These  teeth  indicate  unmistak- 
)ly  that  Uesperornis  was  carnivorous  in  habit,  and  doubtless 
as  descendea  from  a  long  line  of  rapacious  ancestors." 

*'  In  considering  the  limbs  of  Hesperornis^  two  explanations 
[  their  peculiar  modifications  naturally  suggest  themselves, 
'he  rudimentary  wings,  viewed  in  the  light  of  modern  science, 
learly  indicate  that  Hesperornis  was  in  this  respect  a  degraded 
ype.  The  Struthious  characters  which  we  nave  noticed  in 
arious  parts  of  the  skeleton  might  be  regarded,  not  as  evi- 
lence  of  close  relationship,  but  rather  as  general  reptilian 
iharncters,  common  to  the  two  groups  through  inheritance 
rom  a  remote  reptilian  ancestry.  According  to  this  view,  the 
irings  may  have  been  gradually  lost  by  disuse,  after  the  aquatic 
ifc  was  assumed.  In  proportion  as  the  wings  diminished,  the 
egsand  feet  increased  in  size,  for  their  work  increased.  This 
ibange  would  be  strictly  in  accordance  with  the  law  of  com- 
>ensation,  and  the  well  known  economy  of  nature.  We  might 
appose,  moreover,  the  ancestors  of  Hesperornis  to  have  been 
it  one  time  on  an  equality  with  the  Loon,  and  later  with  the 
'engain,  in  respect  to  means  of  flight  and  swimming.  As  the 
vings  slowly  diminished  in  size,  first  came  the  loss  of  flight, 
rhile  the  wings  retained,  doubtless  for  a  long  time,  4heir  power 
>f  propulsion  through  the  water.  As  this  too  became  grad- 
lally  restricted,  the  legs  and  feet  gained  proportionally.  The 
)ower  derived  from  them,  aided  indirectly  by  the  tail,  in  time 
0  predominated,  that  the  wings  became  entirely  aborted,  a 
emnant  of  the  humerus  alone  remaining.  During  the  life- 
listory  as  thus  indicated,  Hesperornis  would  exemplify  in  the 
Tatars  of  the  Cretaceous  period  the  evolution  that  nas  recently 
aken  place  in  ocean  navigation,  in  the  gradual  change  of  the 
lide-wheel  steamer  into  the  modern  propeller. 

**  Another  explanation  seems  on  the  whole  more  reasonable, 
md  more  in  accordance  with  the  known  facts.  The  Struthious 
characters,  seen  in  Hesperornis^  should  probably  be  regarded  as 
jvidence  of  real  afiinity,  and  in  this  case,  Hesperornis  would 
)e  essentially  a  carnivorous,  swimming  Ostrich.  The  diminu- 
;ive  wings  and  very  large  posterior  extremities  would  then 
lave  been  acquired  on  land,  by  the  same  means  that  have 
riven  similar  characters  to  the  Batitce^  and  subsequently  have 
)een  adapted  to  an  aquatic  life.  Against  this  view,  the  car- 
livorous  character  of  Hesperornis  would  be  no  valid  objection. 
Phe  long  neck  and  peculiar  jaws  and  teeth  would  be  equally 
iffective  in  seizing  prey  on  the  land,  and  many  of  the  heroivor- 
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ous  cotemporaries  would  doubtless  have  been  easy  victims. 
This  would  be  precisely  analogous  to  what  we  have  among  the 
corresponding  groups  in  the  Dinosaura 

'*  There  is  to-day  no  evidence  that  any  of  the  Struthious 
birds,  or  their  ancestors,  ever  possessed  the  power  of  flight, 
although  this  is  generally  assumed.  The  case  is  even  stronger 
with  BesperorniSy  as  this  genus  stands  much  nearer  the  ances- 
tral type,  both  in  structure  and  in  time.  The  absence  from 
the  sternum  of  any  trace  of  a  keel  is  alone  strong  proof  against 
flight ;  the  peculiar  Dinosauroid  union  of  the  scapula  and  con- 
cold,  unlike  that  of  any  volant  bird  or  reptile,  confirms  this; 
and  other  testimony  bearing  m  the  same  direction  is  not 
wanting. 

**  All  Carinate  birds,  moreover,  so  far  as  known,  indicate  by 
their  embryology  that  they  have  passed  through  the  Struthious, 
or  lower  stage ;  and  some  of  them,  Tinimusj  for  instance,  still 
retain  one  or  more  of  its  general  characters.  There  are,  in- 
deed, various  flightless  birds,  recently  extinct,  which  do  not 
belong  to  the  Ostrich  group,  but  are  truly  Carinate  in  all  their 
essential  features.  The  Dodo  {Didus),  Solitaire  {Pezophaps\ 
Qnemiornis  and  Notornis  are  well  known  examples ;  but  these 
all  show  in  their  shoulder-girdle  unmistakable  traces  of  the 
lost  power  of  flight  The  characters  necessary  to  volant  move- 
ments, once  attained,  would  appear  never  to  be  completely  lost, 
and  this  alone  seems  to  furnit»h  a  crucial  test  When  such 
suggestive  indications  are  wanting  in  the  skeleton,  we  may 
fairly  challenge  any  assumption  of  previous  flight 

"  Although  Ilesperornis  may  thus,  like  its  Reptilian  ancestry, 
have  always  been  incapable  of  flight,  the  anterior  limbs  may 
have  long  continued  limited  aids  to  locomotion.  Whether 
used  actively  in  the  air,  like  the  wings  of  the  Ostrich,  or  of 
young  swimming  birds,  or  passively.  Tike  the  sail-set  pinions 
of  a  Swan,  or  later  as  imperfect  paddles,  the  wings  of  H^ft- 
rornis  were  certainly  not  well  fitted  for  diving,  and  hence 
gradually  became  useless,  and  virtually  disappeared, 
may  imagine  among  the  reasons  for  the  gradual  loss  of  wings, 
the  fact  that  they  were  too  weak  to  be  of  much  service  under 
water,  while  from  their  position  they  added  greatly  to  the  re- 
sistance, esnecially  during  rapid  diving.  To  diminish  this 
resistance,  they  would  naturally  be  applied  closely  to  the  side, 
and  from  such  disuse,  would  gradually  suifer  atrophy. 

"In   this  great  swimnling  bird,  as  thus  modined,  we  have 

? resented  to  us  an  interesting  problem  in  animal  mechanics. 
Mie  wings  may  be  regarded  as  wanting,  since  the  remnant  of 
the  humerus  was  attached  closely  to  the  side,  as  in  ApieryXj 
if  not  entirely  concealed  beneath  the  skin,  like  a  scapula.  The 
locomotion  was  therefore  entirely  performed  by  means  of  the 
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poeterior  limbs,  a  specialization  here  seen  for  the  first  time  in 
iqnatic  birds,  recent  or  fossil.  Those  who  have  observed  a 
Penguin  or  a  Loon  swimming  beneath  the  water  know  what  a 
rigoroQs  use  such  birds  then  make  of  their  wings,  however 
oselesB  these  members  maj  appear  to  be  on  land.  Not  only 
do  the  wings,  in  such  a  case,  assist  in  the  forward  movement 
through  the  water,  but  they  are  of  much  service  in  steering. 
A  Penguin,  when  in  swift  sub-aqueous  fiight,  can  turn  around, 
by  the  aid  of  its  wings,  while  moving  twice  its  length.  Hespe- 
Twnis  bad  no  such  aid,  but  the  legs  and  feet  were  far  superior, 
for  swimming  and  diving,  to  those  of  the  Penguins,  not  merely 
in  power,  but  in  the  more  perfect  adaptive  mecbaoism.  This 
vas  doubtless  the  main  reason  why  the  posterior  limbs  of 
Bexperomia  became  so  predominant. 

"The  tail  of  Hesptrornis  was  clearly  of  great  service  in  its 
sqaatic  life.  In  the  number  of  vertebrse  and  length,  it  ex- 
ceeds nearly  all  known  birds,  and  it  is  unique  in  its  widely 
expanded  transverse  processes,  and  in  its  depressed,  horizontal, 
ploQgh-share  bone.  This  broad  horizontal  tail  reminds  one  of 
that  of  the  beaver,  and  was  undoubtedly  of  great  assistance  in 
steering  and  in  diving.  Whether  it  was,  like  the  beaver's  tail, 
destitute  of  feathers,  or,  like  the  tail  of  Plotua,  was  furnished 
iritfa  long  stiff  feathers,  so  as  to  act  as  a  rudder,  cannot  at 
present  be  determined  with  certainty,  although  the  latter  view 
seems  more  probable.  That  Uesperorm's  was  provided  with 
fiathers  of  some  kind,  we  can  hardly  doubt." 


■egalit,  Marsh; 


It  is  interesting  to  observe  that  Professor  Marsh,  working 
(rom  an  entirely  different  standpoint,  reaches  the  same  conclu- 
liooB  that  were  arrived  at  by  Haughton  with  regard  to  the 
Tolantpowersof  Struthious birds.  The  latter,  from  his  studies 
of  the  myology  of  the  wings  of  the  Ratilte,  concludes  that 
Aese  birds  coald  never  have  possessed  the  power  of  flights    The 
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gradual  atrophy  of  the  arm  resulting  from  disuse,  the  extrenw 
of  which  is  seen  among  living  birds  in  Apteryx,  had  proceeded 
BO  far  in  Hesperfrrnis  that  it  was  no  better  provided  with  fon 
limbs  than  are  the  Cetaceans  with  hind  limbs. 

The  enormous  development  of  the  l^s  and  feet,  supposed 
by  some  writers  to  point  to  an  affinity  with  the  Pt/gopodtt, 


¥'mun  f..— Bcstoniiiuii  oT  Hrfj-r^rmt  rrfotia,  Uarah.  Ono^igfath  natunl  liM. 
«hxv  not  n'allv  sngsiest  any  such  relationship.  That  the 
K\irs  ari'  much  alike  in  VhhK  irniui>s  is  true;  but  to  suppose 
tliiit  //e<;itr()riM>  is  merely  a  Toon  or  grebe  with  teeth,  ia  to 
t:iko  a  very  ;iiu|>(>rricial  view  of  the  structural  charaoteristifli 
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>1  this  type.  The  feet  and  l^s  are  purely  adaptive,  and 
have  simply  been  developed  into  most  perfect  instruments  for 
progression  through  the  water.  That  these  members  in  an- 
other and  widely  diflferent  group  of  bird^  should  have  pro- 
ceeded along  the  same  path  of  development  is  nothing  surpris- 
ing and  is  paralleled  in  several  other  groups  of  vertebrates. 

The  order  Odontotormce,  described  in  Part  II  of  Professor 
Marsh's  work,  is  represented  by  two  genera,  Ichthyomis  and 
Apaiomis.  These  birds  were  small  and  wholly  unlike  Hesper- 
ornis  in  structure,  being,  perhaps,  as  different  from  that  type 
as  from  that  of  any  modern  birds.  They  were  about  the  size 
of  a  pigeon  and  were  provided  with  very  large  strong  wings, 
but  had  small  legs  and  feet  The  sternum  is  strongly  keeled, 
and  the  bones  are  extensively  pneumatic.  They  present  some 
resemblances  in  structure  to  the  existing  Terns,  ana  are  thought 
to  have  somewhat  resembled  those  birds  in  their  mode  of  life. 

The  teeth  of  Ichiliyomis  and  Apatomis  were  implanted  in 
distinct  sockets,  instead  of  in  a  groove,  as  in  aesperornis^ 
They  are  somewhat  compressed  and  strongly  recurved,  and 
the  cutting  edges  in  front  and  behind  are  sharp  and  smooth,, 
without  serrations.  The  teeth  in  the  maxillary  seem  to  have 
been  larger  than  those  opposed  to  them.  In  Ichthyomis  dispar^ 
the  type  of  the  order,  there  were  twenty-one  teeth  in  the  lower 
jaw.  The  anterior  one  is  very  near  the  extremity  of  the  jaw 
and  from  this  point  they  extend  back  to  the  posterior  extrem- 
ity of  the  dentary.  The  method  of  replacement  of  the  teeth 
was  not  lateral,  as  in  Uesperornis  and  the  Mosasaurs,  but  ver- 
tical, as  in  the  Crocodiles  and  Dinosaurs — an  important  and 
highly  interesting  fact. 

An  examination  of  the  brain  cavity  of  Ichthyomis  presents  re- 
suits  similar  to  those  arrived  at  from  the  comparison  of  the 
same  part  in  Hesperornis,  If  we  compare  the  skull  of  Ichtliyor- 
nwwith  that  of  Sterna — the  two  being  reduced  to  the  same  ab- 
solute size — we  find  the  brain  of  the  former  to  have  been  less 
than  one-third  the  size  of  the  latter.  The  differences  between 
these  two  smaller  birds  are  the  same  in  kind  as  those  between 
Et*perornis  and  Colymhus  (figures  1  and  2),  but  the  cerebral 
hemispheres  in  Ichthyomis  are  relatively  less  elongated  than  in 
its  Cretaceous  contemporary. 

The  similarity  in  the  results  of  these  comparisons  is  espe- 
cially interesting,  since  in  no  other  cases  have  the  brain  cavi- 
ties of  Mesozoic  birds  been  studied. 

A  feature  of  this  group,  not  less  interesting  than  the  posses- 
sion of  teeth,  is  their  biconcave  vertebrae.  The  presence  of 
ihis  reptilian  character  in  vertebrates,  so  highly  organized  as 
birds,  was  wholly  unexpected,  and  is  only  another  illustration 
of  the  fact,  so  constantly  obtruded  upon  the  attention  of  the 
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anatomiit.  that  some  low  character  may  persist  while  specializa- 
tion in  certain  directions  is  reaching  a  high  degree  of  perfection. 
If  we  leave  out  of  account  the  skull  ana  presacral  vertebne  of 
this  group,  its  structure  is  essentially  that  of  a  modern  bird,  hot 
the  combination  of  such  specialized  and  primiUve  chancten  ■ 
renders  it  not  less  remarkable  than  its  larger  toothed  ally.     , 


M 


Figure  7. — Oiitlitiu  of  the  skull  Bod  brain-cavitj  of  Ichihj/ornii  vietor,  Uiith; 

aoeii  from  nbovo  ;  (ivc-giit1i!t  natunil  size. 
Figure  8, — Outline  of  ttie  skull  and  brHia-cavity  of  Sterna  eaaHaca,  Gmelin;  HM 

view ;  natural  size. 

el.  oiraetory  lobes  ;  c.  corcbrnl  hcmisplierea ;  op,  optic  lobes  ;  eb.  cerabeDiill. 

With  repfiect  to  ichiiiyoi-nis  as  a  whole,  Professor  Marsh  savs: 
"In  consiiioring  the  skeleton  of  tclilhyornis,  the  anatomist  is 
at  once  confronted  with  a  strange  combination  of  characters. 
The  wing-hones  are  conclusive  proof  that  Ichllujomis  was  a 
highly  specialized  bird,  with  great  powers  of  flight.  The 
individual  bones  correspond  closely  with  those  of  birds  living 
to-day.  The  legs  and  feet,  also,  are  much  like  those  of  some 
modern  birds  With  these  portions  alone  before  him,  the 
comparative  anatomist  would  unhesitatingly  refer  the  remaiiu 
to  the  class  of  Birds,  and  would  naturally  conclude  that  the; 
belonged  to  the  modern  type.  If,  however,  the  skull  should 
then  be  found  with  the  wings  and  feet,  very  strong  evidence 
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)uld  be  required  to  convince  him  that  they  were  parts  of  one 
d  the  same  bird.  The  jaws  and  teeth  present  reptilian 
laraeters  wholly  unknown  in  modern  birds,  while  the  base 

the  skull  and  the  small  brain  point  strongly  in  the  same 
rection.  The  biconcave  vertebrae  lead  Ichthyornis.  still  far- 
ler  away  from  all  known  birds,  recent  and  extinct,  and,  if 
>and  alone  with  the  jaws  and  teeth,  would  force  any  anato- 
list  to  the  conclusion  that  he  had  before  him  the  remains  of  a 
jptile. 

*'The  skeleton  of  Ichthyornis^  as  we  know  it  to-day,  can  be 
iterpreted  only,  in  the  light  of  modern  science,  by  supposing 
Oat  certain  parts  have  become  highlv  specialized  in  the  direc- 
lon  of  recent  birds,  while  others  havel)een  derived,  with  but  lit- 
le  change,  from  a  reptilian,  or  even  a  more  lowly,  ancestry.  In 
he  wings,  the  most  characteristic  modern  feature  is  the  coossi- 
ication  of  the  metacarpal  bones,  a  character  universal  among 
xisting  birds.  In  reptiles,  however,  and  in  the  only  known 
urassic  bird,  ArchceopteryXj  these  bones  are  separate.  The 
ternum  of  Ichthyornis  is  very  Similar  to  that  of  modern  carinate 
Mrds.  In  the  feet  of  Ichthyornis^  also,  the  compound  tarso- 
netatarsal  is  another  modern  feature,  especially  characteristic 
)f  recent  birds. 

'If,  now,  we  consider  the  skull  6i  Ichthyornis^  we  find  the 
ivian  and  the  reptilian  characters  strangely  blended.  The 
Mh  are  evidently  a  strong  reptilian  feature,  and,  before  the 
iiscovery  of  Ichthyornis^  were  entirely  unknown  in  the  class  of 
Birds.  Their  method  of  implantation  in  distinct  sockets  is  a 
ipecialized  character  in  reptiles,  and  was  not  shared  even  by 
Hesperornisy  the  contemporary  of  Ichthyornis,  The  diminutive 
jlongated  brain,  also,  points  back  to  the  reptiles.  Other  fea- 
tures of  the  skull,  for. example,  the  single  headed  quadrate, 
ire  shared  only  by  the  most  reptilian  of  birds.  The  union  of 
;be  lower  jaws  in  front,  by  ligament  only,  is  characteristic  of 
nany  reptiles,  and  is  seen  in  Hespei-ornis,  but  is  unknown  in 
ill  other  birds.  The  form  of  the  skull  and  the  obliteration  of 
Qost  of  the  cranial  sutures  are  points  of  resemblance  to  many 

Qodern  birds. 

*  *  ^  ^  ^  *  * 

"In  considering  the  mode  of  life,  and  habits  of  Ichthyornis^ 
lany  important  suggestions  may  be  derived  from  its  structure, 
s  well  as  from  the  localities  where  the  remains  are  found, 
'he  sharp  cutting  teeth  of  Ichihyorm's  prove,  beyond  a  doubt, 
bat  it  was  carnivorous;  its  great  powers  of  flight,  long  jaws, 
nd  its  recurved  teeth  suggest,  moreover,  that  it  captured  its 
•rey  alive.  Its  food  was  probably  fishes,  as  their  remains  are 
^UIld  in  great  abundance  mingled  with  those  of  Ichthyornis. 
^hese  fossils  occur  in  the  bed  of  the  old  Cretaceous  ocean  in 
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which  HesperoTTiis  swam.  Both  of  these  birds  were  clearly 
aquatic  in  habii,  na  shown  by  various  points  in  their  structure, 
already  described,  and  the  conditions  under  which  their  remiiins 
were  deposited.  In  many  respects,  Ichthyomia  probably  resem- 
bled the  modern  Terns  in  its  mode  of  life.  The  powerful 
wings  and  small  feet  suggest  similar  habits  in  flight,  and  resL 


Figure  9. — ReHtoratioii  of  Ichihyoi-na  i-tctor,  Marah.  One-half  Dsturil  Bin 
That  kidhyonim  was  provided  with  feathers  is  proved  beyond 
qnesti<ni  by  the  tubercles  for  the  attachment  of  quills  on  ibe 
forearm. 

■'Besides /(r/(//(i/o/-*iM  and  its  allies,  the  only  other  deiiiz«« 
of  the  air  at  present  known  to  have  then  inhabited  the  same 
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!gion  were  the  toothless  Pterodactyles.  Ichihyornis  doubtless 
)mpeted  with  these  huge  dragons  ior  the  fishes  in  the  tropical 
iean  about  which  they  lived." 

The  discovery  of  these  two  ancient  types  of  birds,  so  widely 
iflferent  from  each  other  and  from  all  known  members  of  the 
lass,  gives  us,  as  might  be  expected,  many  hints  as  to  the  gen- 
tic  origin  of  birds,  and  proves  especially  interesting  as  confirm- 
ng  the  generally  accepted  view  of  the  close  relationship  be- 
ween  birds  and  reptiles.  These  two  types  with  Archcpopteryx 
ind  Compsoynallius  lead  us  directly  back  from  the  birds  of  to- 
day to  the  reptiles  of  Mesozoic,  if  not  of  still  earlier,  time. 
While  other  Cretaceous  birds  have  been  described  both  from 
this  country  and  from  Europe,  only  the  OdontorniUies  are  rep- 
resented by  remains  sufficiently^  perfect  to  warrant  us  in  draw- 
ing any  satisfactory  conclusions  in  regard  to  their  relationship 
with  other  members  of  the  class.  And  only  through  the  dis- 
<K)very  of  their  remains  in  such  a  wonderful  state  of  preserva- 
tion, could  we  have  learned  how  extremely  unsafe  it  is  to  gen- 
eralize from  single  bones  or  portions  of  a  skeleton,  no  matter 
how  characteristic  they  may  appear  to  be.  The  discoverer 
who  should  find  only  the  legs  and  vertebne  of  Hesperornis 
would  be  justified. in  assigning  to  them  a  place  very  near  the 
fxisling  Podicipidce^  and  the  conclusion  would  be  sustained  by 
the  judgment  of  every  anatomist.  Or,  if  the  skeleton  of  Jch- 
Ayornis  were  discovered  without  the  skull  and  anterior  verte- 
bra?, no  one  would  find  any  characters  to  warrant  the  separa- 
tion of  this  form  from  our  modern  birds.  On  the  other  hand, 
an  examination  of  the  skull  in  either  form,  the  remainder  of 
the  skeleton  being  unknown,  might  well  lead  the  student  as 
far  from  the  truth  in  the  other  direction.  So  untrustworthy, 
in  tiie  light  of  modern  science,  has  Cuvier's  law  of  correlation 
proved  to  be. 

The  conclusions  drawn  by  Professor  Marsh  from  his  study 
of  all  the  known  remains  of  OdoniorniOtes  are  as  follows: 

"Having  now  described  the  more  important  characters  in 
the  structure,  so  far  as  known,  of  the  two  groups  of  Cretaceous 
Odontortrithes,  or  Birds  with  teeth,  it  remams  to  consider  what 
relation  these  birds  bear  to  each  other,  and  to  allied  members 
of  the  class;  and,  also,  to  inquire  if  the  facts  presented  throw 
any  light  on  the  profounder  question  as  to  the  origin  of  Birds. 

''In  comparing  Hesperornis  and  IchtJnjornis^  as  the  types  of 
their  respective  orders,  the  Odontolcce  and  Odontotonniv^  the 
eontrast  in  their  principal  characters  is  as  striking  as  it  is  unex- 
pected. Hesperarnis  had  teeth  implanted  in  a  continuous 
groove,  a  low,  generalized  .  character ;  with,  however,  the 
strongly  diflferentiated  saddle-shaped  vertebne.  IcltOiyornis^  on 
the  other  hand,  had  the  primitive  biconcave  vertebra?,  and  yet 

Am.  Jodb.  Scj.— Thibp  Bbbieb,  \ol.  XXI,  No.  ri4.— April,  Y^\. 

18 


272  MarsKs  Monograph  on  the  Odontomithes 

the  highly  specialized  feature  of  teeth  in  distinct  sockets. 
Better  examples  than  these  could  hardly  be  found  to  illustrate 
one  fact  brought  out  by  modern  science,  that  an  animal  may 
attain  great  development  in  one  set  of  characters,  and  at  the 
same  time  retain  other  low  features  of  the  ancestral  type*  This 
is  a  fundamental  principle  of  evolution. 

**  The  more  superficial  characters  of  the  absence  of  winps 
and  the  strong  swimming  legs  and  feet  of  Hesperornis  are  in 
striking  contrast,  also,  with  the  powerful  wings  and  diminutive 
legs  and  feet  of  Ichthyornis,  These  and  other  characters, 
already  mentioned,  separate  the  two  birds  so  widely  that  a. 
more  detailed  comparison  seems  here  unnecessary. 

"It  would  be  highly  desirable  to  carefully  compare  both 
Ichthyornis  and  Hesperornis  with  Archiwpteryx,  the  still  older 
Mesozoic  bird.  This  unfortunately  cannot  be  done  at  present, 
as  the  two  skeletons  of  Archceopteryx^  now  known,  have  not  yet 
been  fully  described,  nor  even  prepared  for  examination  by 
removal  of  the  matrix.  That  Archoeoptei^yx  belongs  to  the 
Odontomithes^  the  writer  fully  satisfied  himself  by  a  personal 
examination  of  the  well  known  specimen  in  the  British)  Mu- 
seum. This  examination  was  made  in  1878,  several  years  after 
the  writer  had  become  familiar  with  the  4^merican  forms  of 
toothed  birds.  The  teeth  seen  on  the  same  slab  with  this  spe- 
cimen of  Archceopteryx,  and  referred  to  it  by  Evans,  although 
imperfectly  preserved,  agree  so  closely  with  the  teeth  of  Hesperor- 
nis^ that  the  writer  identified  them  at  once  as  those  of  Birds, 
and  not  of  Fishes.  It  has  since  been  announced  that  the  speci- 
men of  Archceopieryx,  more  recently  found  in  Germany,  alsa 
possessed  teeth,  although  only  two  of  small  size  were  detected. 
The  separate  metacarpal  bones,  and  especially  the  elongated 
tail,  of  Archceopieryx^  moreover,  remove  it  widely  from  the 
known  American  genera  of  Odontomithes,  It  will  probably  be 
found,  however,  tliat  Archceopteryx  possessed  biconcave  verte- 
brae, something  like  those  of  Ichthyornis. 

"The  other  Mesozoic  birds  now  known  from  the  deposits  of 
this  country,  and  the  few  discovered  in  Europe,  may,  some  or 
all  of  them,  have  had  teeth,  but  their  remains  are  too  fragmen- 
tary to  determine  this  point,  or  even  their  near  afiinities. 

"It  is  an  interesting  fact  that  the  Cretaceous  birds  at  present 
known,  some  twenty  species  or  more,  were  all  apparently  aqua- 
tic forms,  which  of  course  are  most  likely  to  oe  preserved  in 
marine  deposits,  while  the  Jurassic  Archaopteryx,  the  only  one- 
from  that  formation,  was  a  true  land  bird. 

"The  birds  found  in  more  recent  formations  all  belong  appa- 
rently to  modern  types,  and  hence  present  few  points  for  pro- 
fitable comparison  with  the  OdontornitJies,  The  existing  birds 
with  reptilian  characters  are  nearly  all  confined  to  the  Batiioty, 
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or  Ostrich  tribe.  These  are  evidently  the  remnants  of  a  very 
numeroas  group,  once  widely  extended  over  diflFerent  parts  of 
the  earth ;  and  it  is  to  the  fossil  forms  of  these  birds  that  we 
must  look  eventually  for  the  intermediate  types  between  them 
and  the  less  specialized  Mesozoic  birds. 

"  For  the  present,  at  least,  it  seems  advisable  to  regard  the 
Odoniornithes  as  a  sub-class,  and  to  separate  tbem  into  three 
orders,  according  to  the  characters  given  below.  These  orders 
are  all  well  marked,  but  evidently  are  not  of  equal  rank. 
Archosopteryx  is  clearly  separated  much  more  widely  from  both 
Jchihyornis  and  Besperornis  than  are  these  two  genera  from 
each  other.  The  free  metacarpals  and  long  tail  of  Archceopteryx 
are  significant  characters.  Gregenbaur  and  Morse,  however, 
have  shown  that  young  birds  of  existing  species  have  the 
metacarpals  separate,  and  this  is  true  for  all  these  birds  up  to 
a  certain  age.  Hence  this  character  is  of  less  importance  than 
the. presence  of  true  teeth,  since  in  no  recent  birds,  young  or 
old,  have  these  been  found.  The  length  of  tail  is  perhaps  a 
character  of  more  value,  but  this  is  a  variable  feature  in 
modern  birds. 

SulMslass  ODONTORNITHES  (or  Aves  Dentate),  Marsh. 


Order,  Odontolcji,  Marsh. 

Genus,  Hesperomia,  Marsh. 

Teeth  in  grooves. 
Lower  jaws  separate. 
Yertebrs  saddle-shaped. 
Wings  rudimentary. 
Metacarpals  wanting. 
Sternum  without  keel. 
Tail  short. 


Odontotobm^  Marsh. 

Ichthytfmis,  Marsh. 

Teeth  in  sockets. 
Lower  jaws  separate. 
Vertebr»  biconcave. 
Wing^  large. 
Metacarpals  ankylosed. 
Sternum  with  keel. 
Tail  short 


SAURinLS,  Hseckel. 

ArchcBopteryXy  von  Meyer* 

Teeth  in ? 

Lower  jaws —  ? 

Vertebrae ? 

"Wings  small. 
Metacarpals  separate. 

Sternum ? 

Tail  longer  than  body. 


"That  the  three  oldest  known  birds  should  differ  so  widely 
from  each  other  points  unmistakably  to  a  great  antiquity  for 
the  class.  Archceopteryx,  Hesperornis  and  Ichthyornis^  are  all 
true  birds,  but  the  reptilian  characters  they  possess  are  con- 
vergent toward  a  more  generalized  type.  No  Triassic  birds 
are  known,  and  hence  we  have  no  light  on  this  stage  of  the 
development  of  the  class.  They  will  doubtless  be  found,  how- 
ever, and,  if  we  may  judge  from  Jurassic  Mammals  and  Kep- 
tiles,  the  next  classes  above  and  below  birds,  the  avian  forms 
of  that  period  would  still  be  birds,  although  with  even  stronger 
reptilian  features.  For  the  primal  forms  of  the  bird- type,  we 
most  evidently  look  to  the  Paleozoic;  and  in  the  rich  land 
fauna  of  our  American  Permian  we  may  yet  hope  to  find  the 
remains  of  both  Birds  and  Mammals. 

*'The  genera  Archceopteryx^  Hesperornis  and  Ichthyornis^  each 
possessed  certain  generalized  characters  not  shared  by  the 
others.     These  characters  were  undoubtedly  united   in  some 
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earlier  form,  and  this  fact  gives  us  a  hint  as  to  what  the  more 
primitive  forms  must  have  been,  and  suggest  the  more  promi- 
nent features  of  the  ancestral  type. 

^'In  the  generalized  form  to  which  we  must  look  back  for 
the  ancestral  type  of  the  class  of  birds,  we  should  therefore 
expect  to  find  the  following  characters: 

(1.)  Teeth,  in  grooves. 
(2.)  Vertebrae  biconcave. 
(3.)  Metacarpal  and  carpal  bones  free. 
(4.)  Sternum  without  a  keel. 
(6.)  Sacrum  composed  of  two  vertebrae. 
'6.^  Bones  of  the  pelvis  separate. 
7.)  Tail  longer  than  the  body. 
[&,)  Metatarsal  and  tarsal  bones  free. 
(9.)  Four  or  more  toes,  directed  forward. 
(10.)  Feathers  rudimentary  or  imperfect. 

**  These  various  characters  may  indeed  have  been  combined 
in  an  animal  that  was  more  reptile  than  bird  :  but  such  a  form 
would  be  on  the  road  toward  the  Birds,  rather  than  on  the 
ancestral  line  of  either  Dinosaurs  or  Pterodaciyles,  as  feathers 
were  not  a  character  of  these  groups.  With  this  exception,  all 
of  the  characters  named  belong  to  the  generalized  Sauropsid, 
from  which  both  birds  and  the  known  Dinosaurs  may  well 
have  descended.  An  essential  character  in  this  ancestral  type 
would  be  a  free  quadrate  bone,  since  this  is  a  universal  feature  in 
birds,  and  only  partially  retained  in  the  Dinosaurs  now  known. 

''  The  Birds  would  appear  to  have  branched  oflf  by  a  single 
stem,  which  gradually  lost  its  reptilian  characters  as  it  assumed 
the  ornithic  type,  and  in  the  existing  Ratitae  we  have  the 
survivors  of*  this  direct  line.  The  lineal  descendants  of 
this  primal  stock  doubtless  early  attained  feathers  and  warm 
blood,  but,  as  already  shown,  never  acquired  the  power  of 
flight.  The  volant  birds  doubtless  separated  early  from  the 
main  avian  stem,  probably  in  the  Triassic,  since,  in  the  formation 
above,  we  have  Arclictopteryx^  with  imperfect  powers  of  flight 

"  This  power  of  flight  probably  originated  among  the  small 
arboreal  lonns  of  reptilian  birds.  How  this  may  have  com- 
menced, we  have  an  indication  in  the  flight  of  GaleopMecus^ 
the  flying  squirrels  {Pleromys)^  the  flying  lizard  {Draco\  and  in 
the  flying  tree-frog  {Rhacophorus).  In  the  early  arboreal  birds, 
which  jumped  from  branch  to  branch,  even  rudimentary 
feathers  on  the  fore  limbs  would  be  an  advantage,  as  they 
would  tend  to  lengthen  a  downward  leap,  or  break  the  force  of 
a  fall.  As  the  feathers  increased,  the  body  would  become 
warmer,  and  the  blood  more  active.  With  still  more  feathers, 
would  come  increased  power  of  flight,  as  we  see  in  young 
birds  of  to-day.     A  greater  activity  would  result  in  a  more 
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perfect  circulation.  A  true  bird  would  doubtless  require 
warm  blood,  but  would  not  necessarily  be  hot-blooded,  like 
the  birds  now  living. 

"The  short  wings  and  clumsy  tail  of  Archceopteryx  were 
quite  sufficient  for  short  flights  from  tree  to  tree,  and  if  the 
body  were  essentially  naked,  as  now  supposed,  we  have  in  this 
Jurassic  form  an  interesting  stage  in  the  development  of  birds 
before  full  plumage  was  attained.  Whether  Archasopteri/x  was 
on  the  true  Carinate  line  cannot  at  present  be  determined,  and 
this  is  also  true  of  Ichthyornis  ;  but  the  biconcave  vertebrae  of 
the  latter  evidently  suggest  that  this  form  was  an  e^rly  off- 
shoot. It  is  probable  that  Hesperornis  came  off  from  the  main 
Struthious  stem,  and  has  left  no  descendants. 

**  These  three  ancient  birds,  so  widely  different  from  each 
other,  and  from  all  modem  birds,  prove  beyond  question  the 
marvelous  diversity  of  the  avian  type  in  Mesozoic  time ;  and 
also  give  promise  of  a  rich  reward  to  the  explorer  who  success- 
fully works  out  the  life-history  of  allied  forms,  recorded  in 
ages  more  remote." 

The  discovery  of  birds  so  highly  specialized  in  certain  direc- 
tions as  are  the  Odontornitlies^  certainly  points  to  a  much  earlier 
origin  than  has  hitherto  been  acknowledged  for  this  class,  and 
we  are  not  surprised  that  Professor  Marsh  suggests  that  the 
original  bird  stem  branched  off  from  the  reptiles  during  Paleo- 
zoic time.  In  view  of  the  results  of  the  past  ten  years'  inves- 
tigations upon  this  and  kindred  points,  we  may  fairly  hope 
that  future  discoveries  will  add  much  to  our  knowledge  of  this 
subject  as  well  as  to  our  comprehension  of  the  relations  exist- 
ing between  the  three  ancient  types  of  birds,  Hesperornis^  Ich- 
thyornis^ and  Archceopieryx,  and  the  two  existing  ones,  Cari- 
natoe  and  Ratitce. 

Paleontologists  will  look  forward  with  much  interest  to  a 
comparison  of  Archceopteryx  with  the  Odontorniihes,  This  will 
DO  doubt  be  made  as  soon  as  full  dascriptions  and  figures  of 
the  recently  discovered  specimens  of  the  former  shall  have  been 
published.  That  it  is  widely  different  from  the  Cretaceous 
toothed  birds  is  sufficiently  apparent,  but  it  will  be  most  inter- 
esting to  learn  what  other  primitive  characters  besides  teeth  it 
has  in  common  with  this  group. 

Too  much  cannot  be  said  in  praise  of  the  mechanical  execu- 
tion of  the  present  volume.  The  plates  are  marvels  of  draw- 
ing, and  present  to  the  eye  an  absolutely  accurate  representa- 
tion of  the  bones  figurea.  We  cannot  do  better  than  repeat 
Professor  Geikie's  remark  in  regard  to  them.  He  says : — 
"They  are  strictly  and  rigidly  scientific  diagrams,  wherein 
every  bone  and  part  of  a  bone  is  made  to  stand  out  so  clearly 
that  it  would  not  be  difficult  to  mold  a  good  model  of  the  skel- 
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eton  from  the  plates  alone.  And  yet  with  this  faithfulness  to 
the  chief  aim  or  the  illustrations  there  is  combined  an  artistic 
finish  which  has  made  each  plate  a  kind  of  finished  picture." 

Professor  Marsh's  volume  on  the  Odoniomiihes  stands  almost 
if  not  quite  alone  among  works  on  fossils,  as  regards  the  com- 
pleteness of  the  material  described  and  figured,  the  paleonto- 
logical  interest  attaching  to  this  material,  and  the  importance 
of  the  biological  conclusions  drawn  from  it  As  the  first 
volume  of  the  Memoirs  of  the  Yale  Museum,  it  gives  a  rich 
promise  of  what  we  may  hope  to  see  when  the  extensive 
collections  at  New  Haven  shall  have  been  fully  investigated 

Geo.  Bird  Grinnell 


Art.  XXXII. —  On  some  Elements  in  Orographic  Displacemmt; 

by  W.  J.  McGee. 

In  his  masterly  treatise  on  the  **  Systematic  Geology  of  the 
Fortieth  Parallel,'*  Clarence  King  has  succinctly  outlined  many 
of  the  fundamental  elements  in  orographic  disturbance;  but  a 
series  of  factors  doubtless  predominant  in  some  cases  seems  to 
have  been  overlooked.  It  is  shown  (pp.  728,  746,  and  else- 
where), in  the  case  of  the  Wahsatch  region,  (a)  that  the  ffrad- 
ual  submergence  of  an  area  of  deposition  was  followed  by 
paroxysmal  upheaval,  (h)  that  in  the  contiguous  area  of  degra- 
dation gradual  elevation  was  succeeded  by  paroxysmal  submer- 
gence, and  (c)  thnt  the  original  locus  of  fracture  remained  a  line 
of  weakness  and  of  recurrent  displacement  throughout  the 
whole  of  the  geological  history  of  the  region;  and  these  phe- 
nomena seem  to  be  considered  anomalous  and  inexplicable. 

To  the  writer  the  phenomena  described  seem  to  be  in  perfect 
harmony  with  established  physical  principles;  and,  in  their 
simplicity  and  uniformity  of  action  through  vast  periods,  to 
accord  most  fully  with  the  regularity  and  general  conformity  in 
the  succession  of  events  everywhere  attested  by  the  magnificent 
section  so  well  described  in  the  work  mentioned.  This  will 
appear  from  the  following  analysis,  in  which,  for  the  sake  of 
simplicity,  all  disturbing  factors  are  disregarded,  and  a  high 
degree  of  uniformity  in  the  character  of  the  earth  s  crust 
assumed.  It  is  believed,  however,  after  a  careful  scrutiny,  that 
essentially  identical  results  would  follow  the  most  rigid  analysis. 

The  solid  crust  of  the  earth  may  be  assumed  to  consist  of 
three  layers  of  equal  thickness  (which  may  be  designated  asn, 
o,  and  2)\  but  of  density  varying  as  2o?,  3rf,  and  4rf  respectively, 
resting  upon  a  mobile  substratum.*     Tangential  strain  due  to 

*  The   "  critical   sheU ''  of  Mr.  King  might  be  equivalent  to  such  a  mobfle 
substratum. 
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contraction  of  the  globe  might  give  rise  to  a  fault,  which,  as 
indicated  not  only  by  physical  considerations  but  also  by  the 
testimony  of  existing  faults,  would  form  an  angle  with  the 
vertical.  At  the  same  time  the  region  (A)  on  the  side  of  the 
fault  forming  an  acute  angle  with  the  surface  would  be  up- 
heaved, and  the  region  (B)  on  the  opposite  side  depressed. 
Such  a  displacement  might  altogether  relieve  the  tangential 
strain.  The  elevation  and  depression  on  opposite  sides  of  the 
fault  may  each  be  assumed  to  equal  n.  Suppose  now  the 
upheaved  portion  of  region  A  to  be  removed  by  denudation 
and  deposited  within  the  depressed  region  B.  The  thickness 
of  the  crust  at  A  and  B  will  then  be  o+p  and  n+n4-o4-/> 
respectively.  The  effects  of  radial  and  tangential  strain  may 
now  each  be  considered  separately. 

Over  region  A  the  weight  of  the  solid  crust  would  be  but 
3rf+4rf,  while  over  B  it  would  be  2d-\-2d-¥M+^d,  In  the 
effort  of  the  continuous  and  slightly  flexible  crust  to  assume 
statical  equilibrium  the  absolutely  heavier  region  would  under- 
jgQ  a  further  depression,  while  the  lighter  area  would  be  corre- 
spondingly elevated,  as  long  since  shown  by  Babbage,  Her- 
schel,  Hall,  and  others.  This  movement  would  be  counteracted 
and  retarded  by  the  rigidity  of  the  crust,  and  would  tend  to 
produce  rupture  in  the  vicinity  of  the  original  fault.  If  now 
arupture  supervene,  the  two  regions  will  become  comparatively 
inaependent  bodies  resting  upon  the  mobile  substratum ;  and 
each  will  assume  the  position  due  to  its  density  relative  to  that 
of    the  substratum.     But  since  the  density   of    region  A  is 

3rf+4<i      u-i     .1.  .     ^        •       T.  •        1     2(i+2d+3rf+4rf  .    . 
— s — >  while  that  of  region  B  is  only ,  it  is 

obvious  that  the  former  region  will  be  depressed  and  the  latter 
elevated;  and  the  relative  elevation  of  the  two  regions  will 
accordingly  be  reversed,  and  in  a  paroxysmal  manner.  If  sub- 
sequent movements  are  now  considered  it  will  be  seen  that,  if 
only  radial  strain  is  taken  into  account,  the  tendency  is  toward 
an  alternate  series  of  successive  and  unequal,  but  constantly 
diminishing  and  mutually  approaching,  elevations  and  depres- 
sions on  each  side  of  the  original  locus  of  displacement,  each 
paroxysmal  in  its  nature  and  occurring  at  the  close  of  a  period 
of  comparative  repose  and  quiet  sedimentation. 

Since  the  secular  refrigeration  of  the  globe  would  eventually 
•re-introduce  tangential  strain,  its  effect  upon  the  crust,  at  the 
stage  when  fracture  was  supposed  to  be  imminent  in  the  last 
case,  may  be  considered.  Manifestly,  when  the  pressure  became 
sufficient  to  produce  fracture,  the  crust  would  give  way  at  its 
thinnest  and  weakest  point ;  but  the  precise  plane  of  dislocation 
would  be  determined  in  a  great  measure  by  the  incipient  ten- 
'dency  to  bend  upward  or  downward.     Now  since  the  previous 
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dislocation  had  perhaps  equally  shortened  the  chord  of  region 
B  and  lengthened  that  of  A,  there  might  be  an  equal  tendency 
upward  in  B  and  downward  in  A  ;  but  the  crust  being  weakest 
in  A,  and  near  to  the  original  locus  of  displacement  (where  ero- 
sion would  naturally  be  greatest),  here  the  rupture  would  be 
likely  to  occur ;  and  on  account  of  the  downward  tendency  of  A^ 
this  region  would  be  depressed.  In  this  case,  as  in  the  last,  there- 
fore, the  relative  elevation  of  the  two  regions  would  be  reversed. 
The  tendency  toward  a  succession  of  similar  displacements  i& 
the  same  also  as  in  the  last  case,  provided  secular  refrigeration 
went  on,  except  that  there  would  be  no  diminution  in  intensity. 
The  coordination  of  the  two  forms  of  pressure  would  tend  to 
prolong  the  series  of  disturbances,  and,  if  the  relation  between 
the  rates  of  degradation  and  secular  cooling  remained  constant^ 
to  perpetuate  them.  • 

Though  the  rise  of  the  iso-geothermal  planes  below  region  B 
and  their  depression  under  A  brought  about  by  the  deposition 
and  erosion  in  these  regions  respectively  (which  movement  was 
long  ago  pointed  out  by  Babbage  and  Herschel,  and  has  been 
considered  by  Hall,  Hunt,  Dana  and  LeConte  to  explain  the 
formation  of  mountain  flexures  in  areas  of  antecedent  deposi- 
tion) has  been  disregarded  in  the  above  analysis,  the  results  of 
such  movements  are  important.  Obviously,  if  the  shifting  of 
the  iso-geotherms  kept  pace  with  the  degradation  of  A  and  the 
sedimentation  in  B,  the  portion  of  the  rigid  crust  forced  below 
the  normal  position  of  p  would  he  rendered  mobile,  while  that 
part  of  the  mobile  substratum  forced  above  the  same  plane 
would  be  made  rigid  (the  mobility  being  assumed  to  vary  with 
the  temperature).  In  such  a  case  none  of  the  results  above 
indicated  would  follow.  But  since  the  rapid  conduction  of  heat 
from  ocean  bottoms  (which  has  recently  been  considered  by 
Milne*  and  others)  tends  to  prevent  the  rise  of  the  iso-geotherms 
beneath  regions  of  deposition,  and  since,  further,  the  thermal 
effect  of  any  surface  revolution  can  only  be  conveyed  far  beneath 
the  surface  after  a  considerable' interval,  it  seems  probable  that 
the  results  indicated  above  might  or  might  not  follow  accord- 
ing as  local  conditions  were  favorable  or  otherwise.  These  con- 
ditions (including  the  rates  of  erosion  and  deposition,  specific 
heat  and  conductivity  of  the  rocks,  etc.),  are  so  complex  and  so 
impei-fectly  understood  that  it  seems  impossible  to  determined 
priori  whether  or  not  the  above  detailed  results  would  follow 
in  any  given  case. 

Farley,  Iowa,  Sept.  8th,  1880. 

*  Geol.  Mag.,  II,  vii,  169. 
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iT.  XXXIII. — On  the  Indices  of  Refraction  of  certain  Com- 
pound Ethers ;  by  John  H.  Long. 

About  two  years  ago,  while  at  work  in  the  laboratory  of  the 
liversity  of  Tiibiogen,  I  undertook  the  determination  of  the 
dices  of  Refraction  of  a  number  of  Ethers  of  the  CnH,nO^ 
ies.  This  work  was  commenced  at  the  suggestion  of  Pro- 
sor  Lothar  Meyer,  who  was  at  the  same  time  engaged  in  an 
restigation  concerning  the  rates  of  transpiration  of  these  and 
)er  bodies.  It  might  also  be  remarkea  that  the  same  sub- 
nces  were  being  used  by  Herrn  Erail  Elsasser  for  the  deter- 
nation  of  specific  gravity  and  coefficient  of  expansion,  and 
I  results  I  have  made  use  of  in  the  calculation  of  the  tables 
ind  below. 

Other  duties  prevented  the  publication  of  my  results  at  the 
le,  but  the  elegant  work  of  Briihl,*  which  has  since  appeared^ 
ving  added  a  new  interest  to  the  subject  of  refraction,  I  deem 
not  too  late  to  make  them  known  now.  The  method  em- 
)yed  was  essentially  that  of  Landoltf  A  large  Meyerstein 
?ctrometer,  kindly  loaned  me  by  Professor  v.  Keusch  of  the 
ibingen  physical  laboratory,  permitted  results  exact  to  four 
3imal  places  of  n  (as  explained  below)  to  be  readily  obtained, 
e  fifth  decimal  place  is  in  most  cases  uncertain. 
As  source  of  light  I  used  the  sodium  flame  and  the  refrac- 
e  indices  for  the  D  line  were  determined  for  several  differ- 
l  temperatures.  This  was  accomplished  as  follows:  The 
How  glass  prism  containing  the  liquid  to  be  examined^ 
fether  with  its  metallic  support,  was  placed  on  a  hot  iron 
ite  and  left  there  until  the  temperature  of  the  liquid  had 
en  (in  most  cases)  to  about  30°  C,  as  shown  by  the  small 
jrmometer  firmly  secured  by  a  cork  in  the  orifice  of  the  prism, 
en  the  prism  and  support  were  replaced  on  the  spectrom- 
r,  allowed  to  remain  a  few  minutes,  when  the  final  adjust- 
nts  were  made  and  the  observations  commenced.  The  read- 
;s  were  made  from  degree  to  degree,  and  continued  until  the 
iperature  of  the  liquid  in  the  prism  had  fallen  to  that  of  the 
)m.  The  thermometer  used  had  been  previously  carefully 
npared  with  a  normal  thermometer  in  the  possession  of  Pro- 
sor  Meyer  and  a  table  of  corrections  thus  obtained,  so  that 
J  temperatures  given  may  be  looked  upon  as  exact  to  0*1°. 
The  indices  were  determined  by  the  method  of  minimum 
viation,  according  to  the  formula 

*  J.  W.  Bruhl :  Die  chemischo  Constitution  organischer  Korper  in  Beziehung  zu 
reu  Dichle  u.  Vermogen  d.  Licht.  fortzupflanzen.     Liebig's  Annalen,  cc,  139; 
ii,  1,  255  and  363.     See  also  this  Journal,  Jan.,  1881,  page  70. 
f  Pogg.  Ann.,  Bd.  cxvii,  353. 
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where  d  is  the  observed  angle  of  minimum  deviation  and  2 
the  refractive  angle  of  the  prism.  This  latter  was  determine 
before  each  observation  (as  the  sides  of  the  prism  were  forme 
of  glass  plates  fastened  by  rubber  bands)  and  varied  betwee 
60^  2'  80''  and  60^  8'  80": 

In  every  case  at  least  two  complete  sets  of  observations  wer 
made  for  each  substance  and  the  mean  of  the  results,  whici 
never  showed  variations  beyond  the  fifth  decimal  place,  wa 
taken.     The  following  table  contains  these  results. 

Under  T  I  have  given  the  temperature  in  degrees  Cent  a 
which  the  observations  were  mada  Under  n  are  given  thi 
indices,  and  under  diff.  the  variations  in  the  same  for  i 
<ihange  in  temperature  of  one  d^ree. '  In  every  case  the  boil 
ing  point  of  the  ether  in  question  is  given,  and  when  the  same 
was  determined  under  diminished  pressure,  this  latter  element 
is  given.  In  other  cases  the  usual  barometric  height  in  TabiQ< 
gen — about  785°*" — is  to  be  understood. 


Mbthtl  fobmatb. 

Pboptl  aoetate. 

Bp  =  32' 

*-8 

Bp 

=  87'-8-88'-2 

P,  470— 

T. 

ft. 

diff. 

T. 

M. 

diff. 

20 

1-34386 

22 

1-38352 

19 

1*34430 

•00044 

21 

1-38404 

•00052 

18 

1-34473 

43 

20 

1-38456 

52 

17 

1-34516 

43 

19 

1^38607 

61 

16 

1-34559 

43 

18 

138558 

51 

15 

1-34601 

42 

17 

1-38608 

50 

Pboptl  formate. 

Methyl  propiokate. 

»Bp 

=  67**-67'-3 

P, 

431»"» 

Bp  =  79'-l 

5-80'' 

T. 

n. 

diff. 

T. 

n. 

diff. 

^3 

1-37604 

20 

1-37763 

22 

1-37666 

•00062 

19 

1-37822 

•00059 

21 

1-37706 

50 

18 

1-37875 

53 

20 

1-37766 

50 

17 

1.37927 

62 

19 

1-37806 

60 

16 

1-37980 

53 

18     • 

1-37855 

49 

15 

1^38032 

52 

17 

1-37904 

49 

ISOBUTYL   FORMATE. 

Ethyl  propionate. 

Bp  =  99"-! 

99"- 

4 

Bp 

►  s=  81*'-4-82' 

P,  402»» 

T. 

n. 

diff. 

T. 

n. 

diff. 

22 

1*38641 

20 

1-38421 

21 

1-38693 

•00052 

19 

1-38471 

•OO050 

20 

1-38745 

62 

18 

1-38520 

49 

19 

1-38796 

61 

17 

1^3856S 

48 

18 

1-38845 

49 

16 

1-38616 

48 

17 

1-38893 

48 

15 

1-38663 

47 

16 

1-38941 

48 
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Propyl  propionate. 

Ethyl  ibobutyratb. 

Bp 

=  10l'-5-102* 

'     P, 

384»» 

Bp  =  107"- 

107''' 

3 

T. 

n. 

diff. 

T. 

n. 

diff. 

23 

1-39199 

26 

1-38637 

1-39253 

•00064 

24 

1-38589 

•00062 

21 

1-39306 

62 

23 

1  -38641 

62 

20 

1-39366 

61 

22 

1-38693 

52 

19 

1-39406 

49 

21 

1-38746 

62 

18 

1-39452 

47 

20 

1-38797 

52 

17 

1-39497 

46 

ISOBUTTL  PROPIONATE. 

Propyl  isobutyrate. 

Bp  =  135--2- 

-136'' 

•6 

Bp  =  130''-6-131 

o 

T. 

diir. 

T. 

n. 

diff. 

20 

1-39748 

25 

1^39369 

19 

1-39793 

-00045 

24 

1-^9414 

•00046 

J8 

1-39838 

46 

23 

1-39459 

45 

17 

1-39882 

44 

22 

1-39604 

45 

16 

1*39926 

43 

21 
20 

1-39549 
1-39593 

45 
44 

♦ 

19 

1-39637 

44 

AMYL  PROPIONATE. 

Isobutyl  isobutyrate. 

Bp  =  159**-5-160' 

a 

Bp  =  144". 

-145" 

> 

T. 

H. 

dIff. 

T. 

n. 

diff. 

23 

1-40523 

26 

1-39776 

22 

1-40667 

-00044 

24 

1-39819 

•00044 

21 

1-40610 

43 

23 

1-39863 

44 

20 

1-40653 

43 

22 

1-39906 

43 

19 

1-40696 

43 

21 

1-39949 

43 

18 

1-40738 

42 

20 

1-39992 

43 

17 

1-40780 

42 

19 

1-40034 

42 

ISOBUTTL  BUTTRATE. 

Amyl  isobutyrate. 

Bp  =  154*'-C 

►-165 

o 

Bp  =  166'- 

166*'- 

6 

T. 

n. 

dlff. 

T. 

n. 

dlff. 

20 

1-40443 

25 

1-40548 

19 

1-40485 

-00042 

24 

1-40591 

•00043 

18 

1-40527 

42 

23 

l-4(>634 

43 

17 

1-40570 

43 

22 

1-40676 

42 

16 

1-40612 

42 

21 

1-40718 

42 

15 

1-40654 

42 

20 
19 
18 

1-40759 
1-40800 
1-40841 

41 
41 
41 

AMTL  BUTYRATl 

:. 

Propyl  yaleratk. 

Bp=  178''- 

178'- 

5 

Bp=155''-C 

►-166 

T. 

n. 

diff. 

T. 

n. 

diff. 

22 

1-41010 

24 

1-40182 

21 

1-41052 

•00042 

23 

1-40229 

•00047 

20 

1-41094 

42 

22 

1-40275 

46 

19 

1-41135 

41 

21 

1-40321 

46 

18 

1-41176 

41 

20 

1-40366 

45 

17 

1-41217 

41 

19 
18 

1-40411 
1-40455 

45 
44 

Methyl  isobutyrate. 

Isobutyl  valerate. 

Bp  =  89*-l 

3-90** 

Bp  =  169''- 

169° 

■4 

T. 

n. 

dlff. 

T. 

n 

diff. 

26 

1-38082 

25 

1-40393 

25 

1-38136 

-00054 

24 

1  -40441 

•00048 

24 

1-38190 

64 

23 

1-40489 

48 

23 

1-38243 

63 

22 

1-40536 

47 

22 

1-38296 

53 

21 

1-40583 

47 

21 

138348 

62 

20 

1-40^^0 

A^ 

20 

1-38399 

51 
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From  the  above  table  it  is  seen,  as  has  already  been  shown 
by  Landolt  and  others,  that  the  increase  in  n  for  one  degree  C. 
is  in  the  mean  about  "00046.  As  a  rule  this  difference  is  not 
constant,  but  increases  with  the  temperature;  in  a  few  cases, 
however,  as  for  instance  ethyl  isobutyrate  and  isobutyl  buty- 
rate  there  are  no  second  differences.  Although  the  differences 
vary  from  '00041  to  "00059,  they  seem  quite  irregular,  and  it 
is  not  easy  to  connect  them  with  any  chemical  property  of  the 
bodies  in  question,  and  still  more  difficult  is  it  to  account  for 
the  appearance  of  the  second  differences  in  some  cases  and  ia 
others  not.  But  I  shall  not  attempt  a  further  explanation  of 
these  points  here. 

Of  the  above-named  ethers  the  refractive  indices  of  propyl 
acetate  alone  have  been  determined,  as  far  as  I  am  aware. 
Briihl  gives  for  this  for  a  sample  boiling  between  99^-101*  the 
index  r^D=l"38488  at  20°,  and  for  another  portion  boiling  from 
97°-99°/?D=l '33360.  It  will  be  noticed  that  the  first  of  these 
values  corresponds  very  closely  with  that  obtained  by  me. 
Indeed  the  agreement  is  better  than  one  might  expect,  when 
the  great  liability  of  the  ether  to  dissociation  is  taken  into  con- 
sideration. Briihl  mentions  this  fact,  and  I  have  reason  to 
believe  that  the  sample  used  by  me  had  likewise  been  slightly 
decomposed  by  the  fractional  distillation. 

In  order  to  show  the  results  obtained  above,  in  their  most 
general  aspect,  as  well  as  for  the  purpose  of  better  comparison 
with  the  work  of  others,  I  have  arranged  them  in  a  more  com- 
plete form  below.  In  the  columns  headed  d  are  contained  the 
densities  of  the  substances  for  each  degree  of  temperature,  cal- 
culated as  explained  at  the  outset.  Under  n  are  given  the 
refractive  indices  to  four  places,  the  somewhat  unceriain  fifth 

place  being  omitted.  Under  —j-  is  given  the  "  specific  refrac- 
tive energy,"  and  under  M  \~t~)   the    "molecular   refractive 

energy"  for  each  compound  at  the  various  temperatures.  M 
represents  the  molecular  weight  of  the  ether  in  question.  I  use 
these  terms  in  the  sense  in  which  they  have  been  emplo3^ed  by 
Dale  &  Gladstone  and  Landolt,  and  they  need  no  further  ex- 
planation. Propyl  acetate  I  here  omit,  as  I  do  not  know  the 
variations  in  its  density  with  the  temperature. 

The  quotients       ,       are   on    the   whole   quite   satisfactory^ 

although  the  fourth  decimal  places  are  not  always  the  same. 
Some  seem  constant  with  the  temperature,  two  increase,  while 
the  others  are  seen  to  decrease.  The  same  irregularity  has 
been  already  noticed  by  Landolt  and  Wiillner,*  yet  it  still 
remains  to  be  explained.     In  the  above  ethers  it  will  be  noticed 
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n 


n— I 


«(¥) 


n-1 


"(¥) 


Methyl  formate. 
M  =  60     do= -99840 


9767 

13460 

•3543 

9753 

13456 

•3544 

9738 

1-3452 

*3545 

9723 

1-3448 

•3546 

9708 

1-3443 

•3&47 

9694 

13438 

•3547 

8697 
8687 
8677 
8667 
8657 
8647 
8637 


13894 
r3889 
r3884 
1^3879 
1-3874 
r38fi9 
1-3864 


•4477 
•4477 
•4476 
•4476 
•4475 
•4474 
•4474 


Methyl  propionate. 
M  =r  88     ch  =  -93725 


9277 
9271 
9265 
9259 
9252 
9246 


1-3803 
1-3798 
1-3793 
1-3788 
1-3782 
1-3776 


-4099 
-4097 
■4094 
-4091 
-4088 
•4084 


21-26 
2126 
21-27 
21-28 
21-28 
21-28 


Propyl  formate. 

M  =  88     do  =  ^91838 

8996  13790  '4213 

8985  r3785  '4213 

8974  1-3780  '4212 

8962  13775  ^42 12 

8951  13770  -4212 

8940  1-3765  '4211 

8928  1-3760  ^4212 

ISOBUTYL  FORMATE. 
M  =  102     do  =  88543 


37^07 
37-07 
3707 
3707 
37^07 
37^06 
3707 


45-67 
45-67 
45-66 
45*66 
45-64 
45-64 
45-64 


3607 
36-05 
3603 
3600 
35-97 
35-94 


Ethyl  propionate. 
M  =  102     do  =  -91238 


8959 
8948 
8937 
8926 
8915 
8904 


1-3866 
1-3862 
1-3857 
1-3852 
1-3847 
1-3842 


•4315 
•4316 
-4316 
•4316 
-4315 
-4315 


44-01 
4402 
44-02 
44-02 
4401 
44-01 


IfiOBUTYL  PROPIONATE. 

M  =  130     do  =  -88769 

16 

•8732 

13992 

•4572 

17 

-8722 

13988 

•4572 

18 

•8713 

I  3984 

•4572 

19 

•8704 

1-3979 

•4571 

20 

•8694 

1-3975 

•4672 

Amyl  propionate. 

M  =  144     do  =  ^88767 

17 

•8729 

1^4078 

•4672 

18 

•8721 

14074 

•4671 

19 

•8712 

14070 

•4672 

20 

•8703 

1-4065 

•4671 

21 

•8694 

1-4061 

•4671 

22 

•8685 

1-4057 

•4671 

23 

•8676 

1-4052 

•4671 

Isobutyl  butyrate. 

M  =  144     do  =•  ^88178 

16 

•8674 

14065 

•4686 

16 

•8665 

1-4061 

•4687 

17 

•8655 

1-4057 

•4688 

18 

•8645 

1-4053 

•4688 

'    19 

•8636 

1-4049 

•4689 

20 

•8627 

1-4045 

•4689 

Amyl  butyrate. 

M=158     do  =  ^88231 

17 

•8673 

1-4122 

•4753 

18 

•8664 

1-4118 

•4753 

19 

-8655 

1-4114 

•4753 

20 

-8646 

1-4110 

-4754 

21 

-8637 

1-4105 

-4753 

22 

-8628 

1-4101 

-4753 

Methyl  isobutyrate 

M  =  102     do : 

=  -91118 

20 

-8893 

1-3840 

-4318 

21 

-8882 

1-3835 

-4318 

22 

-8871 

1-3S30 

-4317 

23 

-8860 

1-3824 

-4316 

24 

-8849 

1-3819 

-4316 

25 

-8838 

1-3814 

-4315 

26 

•8827 

1-3808 

-4314 

6943 
6943 
69-43 
59-42 
69-43 


6727 
67-27 
6727 
6727 
67^27 
6727 
6727 


67-49 
67-49 
67-50 
67-50 
67-52 
67-52 


7510 
75-10 
75-10 
75-11 
75-10 
75-10 


44  04 
4404 
44-03 
4402 
44^02 
44^01 
44-00 


Propyl  propionate. 
M=116     do  =  -90191 


8857 

1-3950 

•4460 

2848 

1-3945 

-4459 

8838 

1-3940 

•4458 

8828 

1-3935 

'4457 

8818 

13930 

-4457 

8809 

1-3925 

-4456 

8799 

1-3920 

-4455 

51-73 
51-72 
51-72 
51-71 
51-70 
51-69 
51-68 


Ethyl  isobutyrate. 


20 
21 
22 
23 
24 
25 


M  = 

-8697   I 

•8686 

-8G76 

-8665 

-8655 

-8644 


116     do  =-89037 

1-3880  -4461  I   51-75 

1-3875  -4461  1   51-75 

1-3869  -4460  51  73 

1-3864  -4459  5173 

1-3859  -4459  51-72 

1-3854  -4459  5172 
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n 


n-1 


»(^) 


n 


»— 1 


"(t) 


19 
20 
21 
22 
23 
24 
25 


Propyl  isobutyratb. 

Propyl  yalbratb. 

M  =  130     do  =  -89299 

M  =  144     do  : 

=  -88092 

•8748 

1-3964 

-4531 

58^90 

18 

•8652 

14046 

-46^6 

•8738 

1-3969 

-4631 

58-90 

19 

•8643 

14041 

•4676 

•8728 

1-3955 

-4631 

68-90 

20 

•8634 

1-4036 

•4676 

•8719 

1-3950 

•4630 

68^89 

21 

•8626 

1-4032 

•4674 

•8709 

1-3946 

-4531 

58-90 

22 

•8617  . 

1-4028 

•4674 

•8699 

1-3941 

•4530 

58-89 

23 

•8608 

1-4023 

•4674 

•8690 

1-3937 

-4531 

58-90 

24 

•8599 

1-4018 

•4673 

67-34 
67-33 
67-32 
67-31 
67-31 
67-30 
67-29 


ISOBUTYL  I80BUTYRATS 

1 
•• 

AHYL  I80BUTYBATE. 

M=144     do  =  -87496 

M  =  168     do  =  -87697 

19 

-8584 

1-4003 

-4663 

67-15 

18 

•8598 

1-4084 

•4760 

75-05 

20 

-8575 

1-3999 

-4664 

67-16 

19 

•8689 

1-4080 

-4760 

75-05 

21 

•8666 

1-3995 

-4664 

67-16 

20 

-8680 

1-4076 

•4761 

75-OS 

22 

•8557 

1-3991 

-4664 

67-16 

21 

-8671 

1-4072 

•4761 

75-07 

23 

•8548 

1-3986 

•4663 

67-16 

22 

-8562 

14068 

-4761 

75-07 

24 

•8539 

1-3982 

-4663 

67-16 

23 

•8663 

1-4063 

-4760 

7606 

25 

-8530 

1-3978 

-4663 

67-16 

24 

•8644 

1^4069 

-4761 

76-oe 

26 

•8636 

1-4056 

•4761 

75-07 

ISOBUTYL  VALERATE. 

M  =  158     do  =-87360 

20 

-8658 

1-4063 

-4748 

7601 

21 

-8549 

1-4058 

•4747 

75-01 

22 

-8540 

1-4054 

-4747 

76-00 

23 

-8631 

1-4049 

•4746 

74-99      ' 

24 

•8622 

1-4044 

•4746 

74-98 

25 

-8513 

1-4039 

-4745 

74-98 

n-1 


m 


that  the  constancy  of  —j-  is  attained  in  eight  cases,  while  i 

an  equally  great  number  it  is  not  An  attempt  to  connect  this 
peculiarity  with  others  of  the  same  bodies  has  not  been  suc- 
cessful. 

An  opportunity  is  afforded  by  the  above  experiments  of  com- 
paring the  physical  characteristics  of  some  of  the  butyrates 
and  isobutyrates.  The  constants  for  methyl  and  ethyl  buty- 
rate  are  taken  from  Landolt's  paper,f  n^  being  computed  by 
means  of  the  formula  of  Cauchy, 


Wi>=A+ 


B 


in  which  A  is  the  coefficient  of  refraction,  and  B  that  of  dis- 
persion.    For  the  wave  length  of  the  line  D,  I  have  used  the 
mean  value  given  by  Wiillner,:|:  expressed  in  ten-thousandths 
of  a  millimeter,  ^d=5'893. 
From  Landolt  I  take 


B  =  0-36077 
B  =  0-35310 


Methyl  butyrate A=  1-37879 

Ethyl  butyrate A  =  1-38580 

*  Lehrbuch  d.  Experimentalphyaik,  vol.  ii,  p.  150. 

JPogg.,  cxxii,  545,  where  the  values  for  A  and  B  are  given. 
Lehrbuch,  etc.,  vol.  li,  p.  136. 
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(i>. 

nse 

•8976 

1-3889 

•8893 

1-3840 

•8906 

1-3960 

•8697 

1-3880 

•8627 

1-4046 

•8676 

1-3999 

•8646 

1-4110 

•8680 

1-4076 

king  the  necessary  calculations  I  find  the  values  as  in  the 
owing  table: 

Bp 

Methyl  butyrate 103-104' 

Methyl  isobutyrate 90** 

Ethyl  butyrate 114*' 

1  Ethyl  isobutyrate 107° 

Isobutyl  butyrate 166" 

Isobutyl  isobutyrate 144-146° 

Amyl  butyrate 178° 

Amy  I  isobutyrate 166° 

A.S  might  be  expected,  the  constants  in  the  case  of  the  iso 
npounds  are  in  every  instance  lower  than  in  those  of  the 
•responding  normals.  Here  as  in  several  compounds  exam* 
^d  by  Briihl,  the  characteristic  diflferences  of  ethers  of  nor- 
il  and  iso  acids  are  seen  to  extend  to  their  action  on  light 
It  will  not  be  without  interest  to  find  what  values  for  the 
Dmic  refractive  power  can  be  deduced  from  the  above  obser- 
•tions.  For  this  purpose  I  have  grouped  the  ethers  as  in  the 
llowing  tabla  Arranging  the  isomers  together,  there  are 
ven  groups  with  different  molecular  weights,  and  for  the 
olecular  refraction  of  each  I  have  placed  the  mean  value  m 
lose  of  the  several  members  of  each  group. 


-<:-^) 


21-28 
36-57 

44-66 


Methyl  formate CH*©, 

Propyl  formate )      n  tt  n 

Methyl  propionate  .  J      ^4tisu, 
Ethyl  propionate  ..  j 
Isobutyl  formate...  >•    CsHioOt 
Methyl  isobutyrate.  ) 
Propyl  propionate..  )    c.H,.0. 
Ethyl  isobutyrate..  f    ^•^*«^« 
Isobutyl  propionate  \    n  tt    n 
Propyl  isobutyrate-  \    ^'H»*^« 
Amyl  propionate  .  .  ~ 
Isobutyl  butyrate.. 
Isobutyl  isobutyrate 

Propyl  valerate 

Amyl  butyrate 

Amyl  isobutyrate 
Isobutyl  valerate 

Mean  difl.  for  CH,  =  769. 


►    CsHieO, 


CaHi^Oj 


61-72 
69-16 

67-32 
7506 


diff.for 
CH, 

7-66 
7-99 

7-16 

7-44 
8-16 


7-74 


It  thus  appears  that  the  differences  for  CH,  from  group  to 
Dup  are  not  quite  constant,  but  the  variations  are  not  greater 
in  one  might  expect  when  the  character  of  the  compounds 
taken  into  consideration.  The  average  of  the  differences 
?es  for  the  refractive  power  of  CH,  7 '69.  Substituting  this 
the  different  groups,  we  find  for  O,  the  refractive  powers 
80,  5-81,  6-11,  5-58,  5-33,  5-80  and  5-85.  Of  course  it  is  not 
tended  that  these  numbers  represent  the  atomic  refraction  in 
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any  particular  groups.     They  are  simply  mean  values  obtained 
by  combining  the  numbers  M  (  ~t~)  of  the  last  table  in  a  cer- 
tain way.     From  other  combinations  it  is  plain  that  slightly 
diflferent  values  would  be  obtained.     The  average  of  the  results 
just  given  makes  5*77  the  refractive  power  of  0„  that  is  of 
one  linking  and  one  saturating  O  as  shown  by  Briihl.     It  will 
be  seen  that  these  values  do  not  differ  greatly  from  the  mean 
refractive  equivalents  as  given  by  Landolt — i.  e.,  7*60  for  CH, 
and  3*00  for  0,  which  it  must  be  remembered  were  calculated 
from    numbers    diflFering    as    widely   perhaps  as   the  above. 
Whether  these  variations  depend  for  their  explanation  on  the 
possible  impurity  of  the  liquids  examined,  or  whether  they 
are  to  a  greater  extent  due  to  peculiarities  of  each  individual 
compound,  is  as  yet  not  quite  plain.     It  seems  probable,  how- 
ever, in  view  of  all  that  has  been  thus  far  done  on  the  subject, 
that  the   latter   is  the  more  plausible  supposition.     But  it  is 
only  by  refined  and  extended  investigations  of  various  physi- 
cal properties  and  correlation  of  the  results  thus  obtained,  that 
th^  complete  solution  of  the  problem  may  be  expected.    For 
this  purpose,  I  had  wished  to  make  use  of  some  of  the  results 
obtained  by  Pribram  and  Handl  on  the  transpiration  of  liquids 
(Wien.   Sitzungsbr.  80),  but  unfortunately   1   was   unable  to 
obtain  this  journal. 

There  are  many  other  interesting  peculiarities  of  these  ethers 
which  might  be  mentioned,  but  their  discussion  belongs  more 
properly  to  an  investigation  soon  to  be  expected  (or  perhaps 
recently  published),  from  Herrn  Emil  Elsasser,  to  whom,  as 
was  mentioned,  I  am  indebted  for  the  data  from  which  I  calcu- 
lated the  densities  of  the  liquids  corresponding  to  the  different 
tern f)eratu res.  To  Professor  Meyer  I  would  also  express  mv 
sincere  thanks  for  assistance,  without  which  the  completion  of 
the  above  experiments  would  not  have  been  possible. 

AVesleyan  University,  February,  1881. 


Art.  XXXIY. —  0?v  (lie  Whitfield  County^  Georgia,  Meteoric  Iron; 

by  W.  Earl  Hidden. 

Tuis  iron  was  discovered  in  1877  on  a  farm  about  twenty 
miles  northeast  of  Dal  ton,  Georgia,  near  the  Tennessee  and 
North  Carolina  State  lines,  a  region  which  it  will  be  remem- 
bered is  remarkable  for  the  number  of  meteorites  it  has  af- 
forded. As  has  happened  in  similar  cases  the  specimen  was 
locally  considered  to  be  native  iron  and  was  preserved  as  such 
until  Dr.  Geo.  B.  Little,  then  State  Geologist  of  Georgia,  visited 
the  region  in  1878,  and  recognizing  its  real  nature  procured  it 
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for  tbe  State  Museum  at  Atlanta.  The  writer  saw  it  there  in 
August,  1879,  and  wilt  the  coDsent  of  Dr.  Little  had  a  small 
piece  planed  off,  an  engraving  of  which  ia  here  given  (exact 
natural  size). 

In  its  complete  condition  this  meteorite  is  said  to  have 
weighed  13  Iba  Its  present  weight  is  9f  lbs.  Dr.  Little  in- 
forms me  that  one  end  of  it  became  detached  on  its  journey  to 
Atlanta,  which  piece  be  presented  to  the  college  at  Athens,  Ga. 
Tbe  mass  remaming  is  tbin  oblong  in  shape,  and  much  resem- 
bles a  very  rusty  mass  of  ordinary  iron.  It  is  about  ten  inches 
long  and  five  inches  wide  and  varies  in  thickness  from  an  inch 
to  an  inch  and  a  half.  Its  surface  is  very  irregular  and  has 
many  jagged  points.  Only  a  preliminary  analysis  has  been 
made  on  the  piece  in  my  possession  ;  this  has  showed  it  to  be 
not  unusnal  in  its  composition  ;  chloride  of  iron  is  largely 
present,  its  deliquescence  was  observed  in  many  spots  on  the 
mass.  The  Widmaonstatten  Sgures  are  remarkably  well 
shown  on  this  iron,  as  the  accompanying  engraving  proves. 
(This  engraving  was  made  from  a  photograph  taken  direct  from 
the  iron;  its  angles  and  measurements  are  therefore  correct) 


Dr.  Little  informed  me  that  this  iron  h.id  not  been,  as  yet, 
(iescribeil,  and  accorded  me  the  privilege  of  making  public 
this  account  of  its  history.  The  cabinet  of  minerals,  of  which 
this  meteorite  forms  a  part,  has  been  packed  up  in  boxes  and 
stowed  away  in  the  cellar  of  the  Department  of  Agriculture 
building  in  Atlanta,  and  it  is  reasonable  to  suppose  that  this 
interesting  mass  of  meteoric  iron  will  sooner  or  later  dis 


through  decomposition  and  oxidation  ;  it  seems  right  therefore 
that  some  record  should  be  made  in  tliis  Journal  of  its  historv 
and  final  locatiou. 

Sou. — In  a  recent  letter  from  Dr.  A.  Brezina  of  Vienna,  I 
learn  that  he  received  a  smalt  piece  of  this  meteorite  in  Nov., 
1879,  and  that  he  published  a  notice  about  it  in  the  "  Anzeiger 
der  K.  K.  Akad.  der  Wiss.,  Wieo."  I  have  not  seen  his  note. 
The  data  of  this  article  were  personally  obtained  by  the  writer 
in  August,  1S7P. 

Am.  loa».  aoi.—TMiMD8maimB,  Vol.  XSI,  No,  13*.— Aphh^.IBSV. 
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Art.  XXXV. — 27ie  Basin  of  the  Oulfof  Mexico.  A  communi- 
cation to  the  National  Academy  of  Sciences  made  Nov.  18, 
1880,  by  authority  of  C.  P.  Patterson,  Sapt  U.  S.  Coast 
and  Geodetic  Survey,  by  J.  E.  Hilgard,  M.N.A.S.  With 
a  Map  of  the  Gulf  (Plate  TX). 

At  the  meeting  of  the  National  Academy  of  Sciences  in 
New  York,  Nov.  18,  1880,  Mr.  J.  E.  Hilgard  presented,  on  the 
part  of  Hon.  C.  P.  Patterson,  Superintendent  of  the  U.  S.  Coast 
and  Geodetic  Survey,  a  model  of  the  Gulf  of  Mexico,  con- 
structed from  the  numerous  soundings  taken  in  the  progress 
of  that  work.  The  accompanying  plate  (IX)  is  a  reduced  plan 
of  the  model,  the  full  size  of  which  is  24x82  inches,  being  on 
a  horizontal  scale  of  1 : 2,400,000,  and  on  vertical  scale  of  1 
inch  :  1000  fathoms ;  making  the  proportion  of  horizontal  to 
vertical  scale  1 :  38.  The  plan  shows  the  horizontal  curves  for 
every  600  fathoms  of  deptn,  as  well  as  the  curves  of  100  and 
10  fathoms.  The  same  curves  are  delineated  on  the  model, 
the  forms  of  which  are  shaped  in  conformity  with  all  the  detail 
obtained  from  the  soundings. 

The  number  of  soundings  taken  within  the  depth  of  100 
fathoms  is  very  large,  varying  according  to  the  configuration 
and  importance  of  the  locality.  Beyond  100  fathoms,  where 
the  work  pertains  rather  to  physical  exploration  than  to  navi- 
gation, 1,055  soundings  have  been  ootained,  which  is  an 
average  of  ten  to  a  rectangle  comprised  within  a  degree  of 
latitude  and  longitude  ;  of  these,  355  are  in  depths  greater  than 
1000  fathoms. 

The  object  of  this  communication  being  merely  to  give  a 
general  description  of  the  orographic  features  of  the  basin  of 
this  great  inland  sea — the  American  Mediterranean — it  is  only 
necessary  to  mention  here  that  in  connection  with  the  sound- 
ings, tempcmtures  were  observed  at  various  .depths  and  the 
organic  life  was  explored  by  means  of  dredges.  The  results 
of  these  physical  and  biological  explorations  are  in  the  ablest 
hands  for  discussion  and  interpretation  but  are  not  yet  ready 
for  publication.  It  is  therefore  only  necessary  to  state  here,  as 
a  general  fact,  that  below  the  depth  of  about  800  fathoms  the 
temperature  is  everywhere  found  to  be  between  39°  and  40°  F. 

Before  reviewing  the  structural  features  of  the  Gulf-basin 
which  the  model  reveals  in  a  most  striking  manner,  it  is  proper 
to  recite  here  brielly  the  history  of  the  exploration  of  the 
Gulf  bv  the  United  States  Coast  Survey.  The  surveys  of  the 
shores  and  soundings  of  the  approaches  were  begun  as  long 
ago  as  1846  under  the  su peri n tendency  of  Professor  A.  D.  Bache 
and   were  continued  \it\U\  \.\ie  ovitbreak  of  the  Civil  War. 


J.  E.  HUgard — Basin  of  the  Q-alf  of  Mexico.  289 

I  the  earliest  date  of  his  work,  Bache  had  in  view  the 
)ration  of  the  Gulf  Stream  and  its  attendant  physical  facts 
dition  to  the  surveys  requisite  for  navigation.  As  early 
^45  temperatures  were  observed  over  sections  across  the 
Stream  on  the  Atlantic  part  of  our  coast  which  observa- 
were  systematically  extended  southward.  In  1850,  Pro- 
r  L.  Agassiz  examined  the  structure  of  the  Florida  Reefs  in 
ection  with  the  Coast  Survey  hydrographic  party  under 
lommand  of  Lieut,  now  Admiral  John  Rodgers,  IJ.  S.  N. 
55,  a  cross  section  from  Cape  Florida  to  the  Bahama  Banks, 
ved  by  Lieutenant  Craven,  U.  S.  N.,  developed  the  fact 
the  Strait  is  a  comparatively  shallow  channel,  a  greatest 
I  of  370  fathoms  only  being  found.  In  1860,  Lieutenant 
ay,  U.  S.  N.,  found  a  greatest  depth  of  344  fathoms  in  a 
)n  across  from  Indian  River,  not  far  from  the  former  lina 
;  deep  soundings  in  the  Gulf  reaching  nearly  1200  fathoms 
obtained  by  Lieut.  Sands,  U.  S.  N.,  about  the  same  time, 
hen  after  the  close  of  the  Civil  War  the  Coast  Survey 
ried  its  former  activitv,  under  the  administration  of  Pro- 
r  Benjamin  Peirce,  soundings  across  the  Florida  and 
itan  Channels  were  obtained  by  Master  R  Piatt,  U.  S.  N., 
npanied  by  a  dredging  party  under  the  direction  of  the 
L  F.  Pourtalea 

was  not,  however,  until  the  present  Superintendent  of  the 
t  Survey,  €J.  P.  Patterson,  LL.D.,  organized  a  systematic 
>ration  of  the  whole  Gulf,  that  its  character  became  rightly 
rstood.  This  exploration  was  begun  in  1872  by  Com- 
ler  Howell,  U.  S.  N.,  on  the  west  coast  of  Florida  in  com- 
ively  shallow  water  and  was  continued  and  brought  to  a 
jssful  conclusion  by  Commander  Sigsbee,  U.  S.  N.  (1875- 
1  the  Coast  Survey  Steamer  Blake,  accompanied  by  Pro- 
r  A.  Agassiz,  who  had  charge  of  the  biological  explorations, 
le  methods  of  sounding  and  obtaining  temperatures  at  great 
is  as  well  as  those  of  dredging  have  been  described  in  the 
t  Survey  Reports  for  several  years,  and  more  especially  in 
rk  recently  written  by  Commander  Sigsbee,  U.  S.  N.,  and 
ished  by  the  U.  S.  Coast  Survey.  It  will  suffice  to  men- 
here  that  the  method  of  sounding  employed  was  that  of 
I  a  fine  steel  wire,  indicated  by  Sir  Wm.  Thomson,  with 
nechanical  appliances  perfected  by  Commanders  Belknap 
Sigsbee,  of  the  U.  S.  Navy. 

irning  now  to  our  model  or  map  we  perceive  that  the  basin 
le  Gulf  of  Mexico  is  an  oval  connected  with  the  general 
3  circulation  by  two  outlets,  the  Yucatan  Channel  and 
'""lorida  Straits. 

le  area  of  the  entire  Gulf,  cutting  it  oflF  by  a  line  from  Cape 
da  to  Havana,  is  595,000  square  miles.     Supposing  the 
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depth  of  the  Gulf  to  be  reduced  by  100  fathoms,  a  surface 
would  be  laid  bare  amounting  to  208,000  square  miles,  or 
rather  more  than  one-third  of  the  whole  area.  The  distance 
of  the  100  fathom  line  from  the  coast  is  about  six  miles  near 
Cape  Florida;  120  miles  along  the  west  coast  of  Florida;  at 
the  South  Pass  of  the  Mississippi  it  is  only  10  miles;  opposite 
the  Louisiana  and  Texas  boundary  it  increases  to  ISO  miles; 
at  Vera  Cruz  it  is  15  miles,  and  the  Yucatan  Banks  have  about 
the  same  width  as  the  Florida  Banks. 

The  following  table  shows  the  areas  covered  by  the  trough 
of  the  Gulf  to  the  depths  stated : 


Depth. 

Are*. 

Differences. 

2,000  fathoms 

55,000  square  miles 

1,500  fathoms 

187,000  square  miles 

132,000 

1,000  fathoms 

260,000  square  miles 

73.000 

500  fathoms 

326,000  square  miles 

66,000 

100  fathoms 

387,000  square  miles 

61,000 

Ck>a8t  line 

595,000  square  miles 

208,000 

This  table  shows  that  the  greatest  slopes  occur  between  the 
depths  of  100  and  1,500  fathoms.  The  maximum  depth  reached 
is  at  the  foot  of  the  Yucatan  Banks — 2,119  fathoms.  From  the 
1,500  fathom  line  on  the  northern  side  of  the  Gulf  to  the  deep- 
est water  close  to  Yucatan  Banks,  sa^  to  the  depth  of  2,000 
fathoms,  is  a  distance  of  200  miles,  which  gives  a  slope  of  five- 
ninths  to  200,  and  may  be  considered  practically  as  a  plane 
surface.  # 

The  large  submarine  plateau  below  the  depth  of  12,000  feet 
has  received  the  name  of  the  **Sigsbee  Deep,"  in  honor  of  its 
discoverer. 

The  Yucatan  channel  with  a  greatest  depth  of  1,164  fathoms 
has  a  cross  section  of  110  square  miles,  while  the  strait  of 
Florida  in  its  shallowest  part  opposite  Jupiter  Inlet,  with  a 
depth  of  344  fathoms,  has  a  cross  section  of  only  11  square 
miles. 

A  view  of  the  model  reveal*  at  once  some  important  facts 
which  a  study  of  the  plan  only  conveys  imperfectly  to  the 
mind,  and  which  were  unsuspected  before  this  great  explora- 
tion was  completed :  Thus  the  distance  between  the  visible  coast 
lines  of  the  northeastern  point  of  Yucatan  and  the  west  coast 
of  the  Florida  Peninsula  is  460  miles,  while  the  distance  be- 
tween the  submerged  contours  of  500  fathoms  is  only  190 
miles ;  between  the  contours  of  1,000  fathoms  only  90  miles. 
These  facts  at  once  characterize  the  Gulf  of  Mexico  as  a  Med- 
iterranean Sea. 

The  rtiost  striking  features  displayed  by  the  model  are  the 
following: 

1.  The  great  distance  to  which  the  general  slope  of  the 
continent  extends  below  the  present  sea  level  before  steeper 


J,  E.  Hilgard — Basin  of  the  Oulf  of  Mexico.  291 

are  reached.  The  100  fathom  curve  represents  very 
7  the  general  continental  line ;  the  massifs  of  the  peninsu- 
Florida  and  Yucatan  have  more  than  twice  their  present 
jnt  width.  As  previously  stated,  one-third  of  the  whole 
f  the  Gulf  has  a  depth  of  less  than  100  fathoms. 
iTery  steep  slopes  lead  from  this  submerged  plateau  to  an 
f  55,000  square  miles,  as  great  as  that  of  the  State  of 
ia,  at  the  great  depth  of  over  12,000  feet  There  are  three 
>  on  the  Florida  and  Yucatan  slopes  extending  in  the 
^ate  to  more  than  to  600  miles,  along  which  the  descent 
gn  500  to  1,500  fathoms,  or  6,000  feet,  is  within  a  breadth 
n  six  to  fifteen  miles.  No  such  steep  slopes  and  corre- 
ingly  elevated  plateaus  appear  to  exist  on  the  unsub- 
d  surface  of  the  earth.  The  suggestion  occurs  that  while 
Iter  have  auflfered  atmospheric  erosion,  the  submerged 
es  have  not  sensibly  changed  from  the  positions  deter- 
by  the  mechanical  shaping  of  the  earth's  crust, 
^hefar  protrusion  of  the  Mississippi  delta  toward  the  deep 
of  the  Crulf  seems  to  give  evidence  to  the  engineer  of  the 
bly  permanent  success  of  the  Mississippi  Jetties,  as  deliv- 
the  silt  of  the  river  into  water  of  so  great  depth,  that  but 
xtensions  will  ever  become  necessary.  In  connection 
,he  same  feature,  the  strong  indentation  to  the  westward 
)  present  mouths  of  the  Mississippi,  indicating  the  prob- 
site  of  the  original  fracture  between  the  two  slopes  of 
ississippi  Valley  deserves  attention. 

[n  regard  to  the  problem  of  general  ocean  circulation  in 
ction  with  the  Gulf  Stream,  the  most  important  feature  is 
.allowness  and  small  cross  section  of  the  Strait  of  Florida 
en  the  Peninsula  and  Bahama  Banks,  having  at  the 
west  part  a  cross  section  of  11  square  miles  only  with 
atest  depth  of  344  fathoms.  From  observations  reported 
here  in  the  Coast  Survey  Reports,  the  average  norih- 
y  current  of  the  warm  water  through  this  strait  is  prob- 
not  greater  than  two  miles  per  hour,  certainly  not  more 
2^  miles.  It  is  evident  at  once  that  the  warm  water 
1  so  greatly  modifies  the  climate  of  the  western  coasts 
jrope  cannot  all  be  supplied  by  the  flow  through  this 
channel.  The  concentration  of  the  warm  surface  cur- 
rom  the  Gulf  of  Mexico  gives  to  this  vein  of  the  general 
lation  of  the  Atlantic  Ocean  a  marked  velocity  which  is 
perceptible  to  the  navigator,  and  has  given  its  name  of 
f  Stream  "  to  the  whole  system  of  northeasterlv  surface 
in  the  Atlantic  Ocean.  In  view  of  the  foregoing  facts  it 
irs  to  be  necessary  to  assume  now  that  the  so-called  Gulf 
m  is  largely  reinforced  by  a  general  northerly  current 
the  outside  of  the  West  Indian  Islands. 
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Art.  XXXVI. —  On  the  Oeology  of  Florida  ;   by  Eugene  A. 
Smith,  of  the  University  of  Alabama.     With  a  Map. 

During  an  excursion  into  Florida,  made  last  summer  for  the 
purpose  of  collecting  data  for  the  Cotton  Culture  Report  of  the 
Tenth  Census,  I  made  incidentally  some  notes  on  tne  geologi- 
cal formations  of  that  State,  which,  with  the  kind  consent  of 
the  Superintendent,  are  now  made  public. 

The  literature  of  this  subject  is  extremely  meagre,  and  I 
propose  first  to  give  a  concise  account  of  the  published  obaer?- 
ations  of  my  predecessors  in  this  field,  so  far  as  I  have  been 
able  to  consult  them. 

In  this  Journal,  I,  xxxv,  pages  47  et  seq.,  are  found  some 
**  Cursory  Remarks  upon  East  Florida  in  18S8,  by  Maj.  Henry 
Whiting,  U.  S.  Army."  This  paper  is  chiefly  descriptive  of 
the  topography,  natural  productions  and  climate  of  the  coun- 
try, yet  it  contains  some  observations  upon  the  geology.  The 
author  states  that  the  "  rocks  found  in  situ  are  all  calcareous, 
though  siliceous  bowlders  of  small  size  are  occasionally  seen, 
and  nodules  of  hornstone  are  here  and  there  mingled  with  the 
limestone,  which  elicit  sparks,  and  are  sometimes  used  by  the 

Indians  for  flints." "  The  coast,  as  far  as  Cape  Florida, 

is  alluvial,  a  seeming  mass  of  comminuted  shells,  resting  on  a 
rocky  formation,  composed  also  of  shells,  more  or  less  broken 
and  abraded.     From   Cape  Florida,   the  formation   is  mostly 

coralline,  the  Keys  being  of  that  character." "  As  high 

as  Indian  River  Inlet,  the  beach  is  still  formed  of  shells, 

mingled  with  some  sand  ;  while  about  Cape  Canaveral  the 
sand  predominates,  until  shelly  fragments  almost  disappear  to 
the  naked  eye.  Still  it  seems  probable  that  the  whole  beach 
is  of  a  calcareous  character." 

The  author  then  describes  the  "coquina"  rock  quarries  of 
St  Augustine,  adding  some  conjectures  as  to  the  mode  of 
formation  of  this  singular  rock,  which  he  states  is  generally 
considered  as  of  recent  formation,  and  that  causes  are  still 
operating  to  produce  it.  This  conjecture,  while  apparently 
plausible,  wants,  in  his  opinion,  the  support  of  deeper  investi- 
gation into  the  character  and  force  of  these  causes. 

He  speaks  of  the  shell  formations  of  the  Upper  St  Johns, 
which  are  made  up  chiefly  of  a  species  of  Helix — the  soil  at 
Volusia  and  Fort  Mellon  consists  half  of  shells,  generally  per- 
fect in  shape  but  occasionally  slightly  broken  or  abraded. 

'*0n  Black  Creek,  west  of  the  St  Johns,  a  porous,  rotten 
limestone  appears,  and  this  is  said  to  be  characteristic  of  the 
rock  formations  throughout  the  western  part  of  the  peninsula. 
Hence  the  many  *  surth-holes' which  appear  in  these 
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regions,  and  the  disappearance  of  streams  for  many  miles 
beneath  the  surface  pf  the  earth,  while  others  come  forth  in  all 
their  fullness  at  once/' 

He  also  speaks  of  the  large  limestone  springs,  frequently 
impregnated  with  sulphuretted  hydrogen. 

In  volume  i  of  the  2d  series  of  this  Journal,  page  38,  we 
find  "  Some  Facts  respecting  the  Geology  of  Tampa  Bay,  by 
John  H.  Allen,  Lieut,  of  Artillery  in  U.  S.  Army.'- 

This  author  describes  a  limestone  occurring  at  Fort  Brooke, 
at  the  head  of  Tampa  Bay,  as  hard,  white,  with  an  earthy 
texture,  and  apparently  formed  of  decomposed  and  commin- 
uted shells ;  in  some  places  it  is  soft  and  friable,  very  much 
resembliog  chalk.  He  states  further,  that  he  has  noticed  this 
rock  at  points  more  than  one  hundred  and  fifty  miles  distant 
from  each  other,  and  presenting  the  same  lithological  charac- 
ter^ ;  it  constitutes  the  bottom  of  the  many  ponds  and  lakes  in 
the  interior,  and  he  has  been  informed  that  its  white  and 
jagged  surface  can  be  seen  throughout  the  whole  extetit  of  the 
Everglades.  He  mentions  fossils  contained  in  the  rock,  uni- 
valves, bivalves  and  echini ;  and  he  ascribes  the  great  fertility 
of  some  of  the  sandy  soils  of  the  territory  to  the  loose  marl 
disseminated  through  it 

According  to  the  author,  there  is  another  rock  probably  dip- 
ping beneath  the  limestone — a  dark  bluish,  siliceous  rock,  of  a 
compact  texture,  somewhat  vesicular,  the  vesicles  containing 
minute  crystals  of  quartz.  This  rock  was  noticed  at  the  falls 
of  Hillsboro  River,  nine  miles  from  its  mouth.  Bowlders  of  it 
were  also  seen  at  several  places  in  Jihe  interior.  Large  sulphur 
springs  with  clear  pellucid  water  are  mentioned  as  occurring 
in  the  vicinity  of  Hillsboro  River  and  other  streams  flowing 
into  Tampa  Bay. 

Near  Tampa  Bay  are  beds  of  marl  which  diflfer  materially 
in  their  composition  and  organic  contents ;  they  evidently 
belong  to  different  geological  periods.  One  of  the  most  an- 
cient and  interesting  of  these  beds  occurs  two  miles  west  of 
Fort  Brooke,  and  it  is  well  known  as  furnishing  the  beautiful 
fossils  petrified  with  wine-colored  chalcedony.  Other  beds  of 
marl,  apparently  of  much  more  recent  origin,  extend  along  the 
shore  at  Fort  Brooka 

Farther  south,  near  the  mouth  of  the  Manatee  River,  is  an 
extensive  bank  of  shells,  ten  feet  or  more  in  thickness,  com- 
posed almost  wholly  of  large  unbroken  univalves  belonging 
principally  to  a  species  of  Pyrula^  without  any  admixture  of 
earth.  Although  he  observed  many  fragments  of  Indian  pot- 
tery in  these  shell  heaps,  the  immense  quantity  of  the  shells 
precludes  the  idea  that  they  have  been  accumulated  by  the 
aborigines  of  the  country.     In  this  paper  the  author  makes  a 
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clear  distinction  between  the  marl  beds  near  the  shore  and  the 
more  ancient  marls,  and  limestones  occurring  farther  inland, 
although  he  does  not  undertake  to  decide  upon  the  geological 
age  of  either. 

His  remarks  upon  the  distribution  of  the  more  ancient  lime- 
stone in  the  interior,  where  it  forms  "  the  bottoms  of  the  many 
ponds  and  lakes,"  are  particularly  interesting,  in  the  light  of 
mv  recent  observations. 

We  come  next  to  an  important  paper  by  T.  A.  Conrad: 
"  Observations  on  the  Geology  of  a  part  of  East  Florida,  &c."* 
In  this,  the  author  describes  certain  Post-Pliocene  deposits  on 
the  St  Johns  Eiver  and  at  Tampa  Bay,  occurring  ten  or  fifteen 
feet  above  high  tide  ;  proving  a  considerable  elevation  of  the 
whole  Florida  peninsula  in  the  Post-Pliocene  period,  a  move- 
ment which  clearly  raised  all  the  Florida  Keys  above  water. 
The  greater  part  of  the  paper  is  devoted  to  a  description  of  the 
Keyp,  with  notices  of  the  shells  occurring  on  them  and  in  the 
neighboring  waters.  At  Tampa  Bay  and  southward  along  the 
shore,  he  notices  the  Post-Pliocene  deposits,  but  calls  attention 
also  to  an  underlying  limestone  occurring  at  Fort  Brooke  and 
as  far  inland  as  the  Falls  of  Hillsboro  River.  This  limestone 
he  refers  to  an  upper  division  of  the  Eocene.  The  same  rock 
occurs,  he  says,  a  few  miles  up  the  Manatee  Eiver.  Closer 
examination  of  the  casts  and  shells  from  Tampa,  brings  the 
author  to  the  following  conclusions,  viz.,  that  the  Nummulite 
limestone  of  St.  Stephens  and  of  Clarke  County,  Ala.,  and  the 
fossiliferous  bluff  at  Claiborne,  are  to  be  classed  as  Lower 
Eocene,  while  the  limestone  of  Savannah  River,  containing 
two  recent  shells,  he  proposes  to  call  Upper  Eocene,  and  very 
probably  the  prevalent  limestone  of  Florida  will  be  included  in 
this  division. ''f  This  rock,  he  states,  extends  throughout  the 
peninsula,  as  far  south  as  Tampa  Bay;  and  both  the  eastern 
and  western  shores*  are  covered  with  a  Pleistocene  formation  of 
recent  species  of  shells,  and  remains  of  mammalia.  The  eleva- 
tion of  East  Florida  above  the  sea  level  is  so  inconsiderable 
that  all  or  nearly  all  of  it  must  have  been  submerged  at  the 
time  the  Post  Pliocene  species  were  existing,  and  therefore  its 
elevation  was  contemporaneous  with  that  of  the  Keys,  which 
line  its  eastern,  western  and  southern  shorea'*:^ 

We  have  here  the  first  definite  attempt  at  the  determination 
of  the  age  of  the  Florida  limestone. 

In  volume  ii  of  this  Journal,  2d  series,  p.  399,  Conrad  gives 
**  Descriptions  of  new  species  of  Organic  remains  from  the 
Upper  Eocene  Limestone  of  Tampa  Bay."     In  this  article  he 

♦  This  Journal,  II,  ii,  36  et  seq. 

f  In  more  recent  papers  by  Conrad  these  views  are  slightly  modified. 
\  In  this  connection,  see  table  of  altitudes  appended  to  the  present  article,  and 
Dt.  Burnett's  letter  below. 
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iescribes  Bulimus  Floridanus^  Bulla  petrosa^  Nummulites  Flori- 
iana^  Oristellaria  rolella^  Venus  penita,  Venus  Floruiana,  Nucula 
ieUintilaj  OyUierea  Floridana  and  Balanus  humilis. 

In  this  Journal,  2d  series,  vol.  x,  p.  282,  Professor  J.  W. 
Bailey  notes  the  discovery  by  him  of  an  Infusorial  stratum, 
between  the  mouth  of  Hillsboro  River  and  Ballast  Point.  He 
is  doubtful  ^bout  the  geological  position  of  this  bed,  but  states 
that  it  is  associated  with  strata  containing  fossils  which  appear 
to  belong  to  the  epoch  of  the  Eocene  Tertiary. 

During  the  summer  of  1850,  Professor  M.  Tuomey,  of  the 
Univensity  of  Alabama,  paid  a  short  visit  to  the  coast  of 
Florida,  with  the  view  of  comparing  the  recent  deposits  there 
with  the  white  limestone  (St  Stephens,  etc.,)  of  Alabama,  and 
in  this  Journal,  2d  series,  vol.  xi,  pp  390  et  seq.,  he  published 
''A  notice  of  the  Geology  of  the  Florida  Keys,  and  of  the 
Southern  Coast  of  Florida."  The  author  describes  the  lime- 
stone of  the  Keys — in  which  the  fossils  are  all  identical  with 
the  shells  living  in  the  surrounding  waters — and  points  out  the 
agency  of  the  Mangrove  tree  in  th(>>  formation  of  islands  be- 
tween the  mainland  and  the  Keys.  At  Tampa  Bay  he  con- 
firms the  observation  of  Conrad  respecting  the  Tertiary  age  of 
limestone  there,  which  he  says  extends  doubtless  to  Charlotte 
Harbor. 

The  limestone  which  underlies  the  Everglades  he  states  to 
be  similar  in  every  respect  to  that  at  the  mouth  of  the  Miami 
River,  which,  in  turn,  is  of  the  same  age  as  the  rocks  examined 
at  Key  West  and  elsewhere  inside  the  reef.  He  calls  attention 
to  the  fact  that  an  elevation  of  the  Keys,  of  about  ten  to 
twenty  feet,  would  form  a  ridge  similar  to  that  surrounding  thp 
Everglades,  shutting  out  the  sea  from  the  space,  at  present 
between  the  reef  and  the  mainland,  thus  producing  a  second 
''Everglade,"  differing  from  the  present  only  in  its  greater 
comparative  length. 

In  the  same  volume,  p.  86,  Professor  J.  W.  Bailey  publishes 
a  notice  of  *'Silicified  Polythalamia  in  Florida,"  in  which  he 
speaks  of  large  masses  possessing  all  the  mineralogical  charac- 
ters of  flint,  as  occurring  in  the  white  Orbitulite  limestone 
which  is  common  throughout  the  portion  of  Florida  between 
Tarapa  and  Pilatka,     The  flint  was  collected  about  forty  miles 
west  of  Pilatka,  and  upon  examination  of  thin  sections  by  the 
microscope,    Orbituiina^   Nummulina,    Rotalia^    Texlilaria,   etc., 
were  recognized  in  numerous  specimens. 

In  a  letter  to  Professor  Dana,  Dr.  W.  I.  Burnett  (this  Jour- 
nal, II,  vol.  xvii,  p.  407)  calls  attention  to  the  circumstance 
that  the  "peninsula  of  Florida  is  by  no  means  so  flat  as  is  gen- 
erally supposed,  for  surveys  made  by  Gen.  Barnard  establish 
the  fact  that  there  is  an  elevated  ridge  in  places  287^  feet 


296  E.  A.  Smith— Geology  of  Florida. 

above  low  tide  in  the  Atlantic,  extending  slopingly  from  north 
to  south,  and  terminating  at  a  line  drawn  from  Cape  Canaveral 
to  Tampa  Bay.  At  points  only  fifteen  or  twenty  miles  west  of 
the  St.  Johns  Eiver,  there  are  elevations  at  least  of  100  to  150 
feet  The  author  believes  that  all  Florida  is  of  comparativdy 
recent  age,  except  the  elevated  ridge  spoken  of  above,  but  he 
does  not  express  any  opinion  as  to  the  age  of  this  ridge.  He 
endorses  Professor  Agassiz's  conclusion  respecting  the  recent 
origin  of  the  Everglades. 

In  the  winter  of  1851,  Professor  Joseph  LeConte,  in  coropaDy 
with  Professor  Agassiz,  visited  and  examined  the  Keys  and 
reefs  of  Florida,  and  the  results  of  his  observations  are  recorded 
in  an  article  in  this  Journal,  II,  vol.  xxiii,  pp.  46  et  seq., 
entitled,  "  On  the  Agency  of  the  Gulf  Stream  in  the  Forma- 
tion of  the  Peninsula  and  Keys  of  Florida."  The  author  states 
that  until  the  time  referred  to  (1851),  nothing  definite  was 
known  concerning  the  geology  of  Florida,  but  it  was  supposed 
to  consist  of  a  southward  prolongation  of  the  Eocene  dt 
Georgia  and  Alabama,  and  its  shell  limestone  to  bear  some 
general  resemblance  to  the  white  limestone  of  these  States. 
But  the  observations  of  Professor  Tuomey  in  1850,  and  the 
more  full  and  careful  observations  of  Professor  Agassiz  during  . 
the  following  winter,  brought  to  light  the  remarkable  fact,  thtt 
the  Keys  and  the  larger  portion  of  the  peninsula  of  Florida  are 
of  recent  origin,  and  as  far  as  could  be  examined,  the  work  of 
corals  still  living  in  the  vicinity,  and  still  engaged  in  the  work 
of  extension.  He  then  goes  on  to  give  his  well-known  theory 
of  the  agency  of  the  Gulf  Stream  in  forming  the  submarine 
banks  upon  which  the  reef-building  corals  could  grow. 

The  author  states  that  the  eastern  coast  of  Florida,  from 
Lake  George  as  far  north  as  St.  Augustine,  is  of  recent  coral 
formation  similar  to  that  of  the  southern  coast  and  Keys ;  and 
supposing  the  statements  of  Conrad  and  Tuomey  concerning 
the  Eocene  age  of  the  limestone  near  Tampa  to  be  correct^ 
though  still  problematical  in  his  opinion,  he  thinks  that  all  that 
portion  of  the  peninsula  lying  south  of  a  line  connecting  St 
Augustine  with  Tampa  Bay,  is  almost  certainly  of  coral  origin 
and  formed  by  the  growth  of  successive  reefs. 

In  vol.  ii,  art.  8,  of  the  Smithsonian  Contributions,  Professor 
J.  W.  Bailev  publishes  his  microscopical  observations  made  in 
South  Carolina,  Georgia  and  Florida.  This  I  have  not  been 
able  to  consult  The  monograph  of  Professor  Agassiz,  also,  I 
have  not  been  able  to  see. 

The  last  Geological  Map  of  the  United  States,  by  Professors 
Hitchcock  and  Blake,  accompanying  the  publication  of  the 
Ninth  Census,  represents  the  whole  of  Florida  as  alluvial. 

From  the  preceding  notes,  it  will  be  seen  that  while  many 
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duable  observations  on  Florida  geology  have  been  recorded, 
Bt  the  sabject  is  still  enveloped  in  obscurity,  partly  because 
F  the  isolated  character  of  the  earlier  observations,  and  partly 
ecause  of  the  failure  of  the  later  observers  to  give  due  weight 
)  the  statements  of  those  preceding  them. 

I  give  now  some  notes  of  ray  own  recent  observations : 
In  the  lower  part  of  Geneva  County,  Ala.,  the  Orbitoides 
imestone  of  Vicksburg  age,  is  exposed  in  many  places,  and 
assing  thence  southward  into  Jackson  County,  Fla.,  the  same 
ock  is  found  underlying  the  whole  county  from  Campbellton 
>  Marianna,  and  thence  eastward  to  Chattahoochee,  and  north- 
astward  through  Greenwood  to  the  river.  The  Vicksburg 
>rmation  in  Mississippi,  Alabama  and  Florida,  is  almost 
verywhere  covered  with  superficial  beds  of  pebbles  and  sand 
3range  Sand  or  Stratified  Drift),  and  of  yellow  or  red  loam 
Bilgard's  Yellow  LoamY  The  sand  is  rarely  absent,  the  peb- 
les  are  distributed  in  oelts  which  follow  more  or  less  closely 
he  valleys  of  the  principal  rivers;  the  loam,  together  with  the 
Teat  mass  of  yellow  and  red  sand  of  Stratified  Drift  age,  which 
t  overlies,  thins  out  rather  abruptly  along  an  irregular  line, 
rhich  in  Alabama  and  Florida  may  be  roughly  drawn  as  fol- 
ows :  frqm  the  northern  boundary  of  Escambia  County,  Ala., 
astward  and  southward*  through  the  lower  part  of  Covington, 
liagonally  across  Geneva,  through  the  lower  part  of  Henry 
3ounty ;  whence  it  is  deflected  southeastward  so  as  to  include 
Mirts  of  Gadsden,  Leon  and  Jefferson  Counties  in  Florida,  and 
hence  eastward  and  northward  through  parts  of  Madison  and 
Samilton  Counties  into  Georgia.  North  of  this  line  the 
»untry  is  more  or  less  hilly  and  broken,  the  mean  level  of  the 
iplands  being  perhaps  250-300  feet  above  the  main  water- 
(X>urses,  while  southward  the  country  slopes  away  to  the  gulf 
in  an  almost  unbroken  plain,  the  inequalities  of  the  surface 
being  everywhere  comparatively  slight,  with  scarcely  anything 
deserving  the  name  of  hills*  This  sea-ward,  or  rather  gulf- 
ward,  slope  is  covered  almost  uniformly  with  sand,  which  has 
rarely  the  bright  yellow  and  red  colors  of  the  Stratified  Drift 
sand  further  north.  The  timber  is  almost  as  uniformly  long- 
leaf  pine,  with  sometimes  an  undergrowth  of  small  oaks,  but 
often  only  of  wire-grass.  Exceptions  to  this  state  of  things 
&re  found  in  the  so-called  ** hammocks,"  where  the  soil  is  of 

^  FrcKD  Clinch  and  Chariton  Counties  in  Georgia,  through  Baker,  Bradford  and 
Clay  Counties  in  Florida  and  thence  southward,  runs  tlie  Trail  Ridge,  which  is 
210  feet  above  sea  level,  where  crossed  by  the  FemautiiDa  and  Cedar  Key  rail- 
road. And  further  west  tliere  is  a  range  of  sand  hills  120  feet  above  sea  level, 
between  Archer  and  Bronson  stations ;  but  in  both  cases  the  local  inequalities  of 
the  surface  are  exceedingly  small,  so  that  even  upon  the  summit  of  Trail  Ridge  it 
is  difficult  to  realize  that  one  is  upon  an  elevated  plain,  and  not  in  a  low  pine  ' 
baireiL 
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darker  color  from  intermixture  of  marl  or  disintegrating  lime- 
stone, and  where  varieties  of  oak  and  hickory  replace  partly 
or  wholly  the  lonely  pine. 

In  the  hilly  country  above  mentioned,  rocks  of  Vicksbure 
age  are  exposed  along  the  banks  of  streams,  ravines,  etc.,  and 
sometimes  as  outcrops  upon  level  ground ;  but  on  the  Gulf 
slope,  these  exposures  are  usually  at  the  edges  and  bottoms  of 
the  large  **  boiling  springs"  or  *'blue  springs"  which  are  so 
numerous  throughout  this  entire  region,  and  so  characteristic 
of  the  formation  wherever  it  makes  a  level,  fiat  country. 
Occasional  outcrops  through  the  sand  covering  are  to  be 
noticed,  and  some  streams  like  the  Suwannee  River,  flow  in 
part  of  their  courses  through  channels  cut  in  this  limestone. 

Where  the  limestone  is  hidden  completely  over  lar^e  areas 
by  the  prevailing  sands,  its  presence  below  is  indicated  by  die 
sink-holes,  ponds  and  lakes,  which  more  than  any  other  single 
feature  are  characteristic  of  the  Florida  landscape. 

These  being  all  due  to  the  same  cause,  viz.,  toe  formation  of 
subterranean  caverns  and  the  sinking  in  of  superincumbent 
strata,  the  same  depression  may  at  one  time  be  a  mere  lime- 
sink,  (or  **  prairie"  as  the  larger  sunken  areas — destitute  of 
trees  and  carpeted  with  a  dense  growth  of  '*  blanket"  grass— 
are  called)  or  subsequently,  a  pond  or  lake,  by  the  collection 
of  water  in  the  depreasion.  A  good  example  in  point  is 
Payne's  prairie  near  Gainesville,  which  for  many  years  was  a  1 
widely-known  pasture  ground,  to  which  thousands  of  cattle 
were  driven  from  long  distances.  A  small  creek  flowed 
through  this  basin,  disappearing  near  its  northern  edge  into  an 
underground  channel.  During  the  great  storm  of  J.871  this 
outlet  was  closed,  and  the  **  prairie"  has  become  a  lake  several 
miles  wide  and  from  fifteen  to  twenty  feet  deep.  As  a  matter 
of  course,  these  phenomena  are  not  confined  to  any  particular 
limestone,  and  the  occurrence  of  a  Miocene  limestone  forming 
the  basin  of  Rock  Spring  in  Orange  County,  is  noted  below; 
still,  from  specimens  collected  by  me  at  points  widely  distant 
from  each  other,  from  the  observations  of  others  as  quoted 
above,  and  from  evidence  derived  from  other  sources,  I  am  i 
brought  to  the  conclusion  that  almost  the  whole  State  of  I 
Florida,  from  the  Perdido  River  on  the  west,  eastward  and  I 
southward,  including  the  middle  and  western  parts  of  the 
peninsula,  certainly  as  far  south  as  the  latitude  of  Tampa  Bay, 
and  probably  as  far  as  the  latitude  of  Charlotte  Harbor,  has 
for  its  underlying  formation  the  white  or  Orbitoides  limestone 
of  Vicksburg  age,  the  exceptions  as  yet  known  being  the  Port 
Pliocene  or  recent  limestones  forming  the  Keys  and  the  imme- 
diate coasts  along  the  western,  southern  and  eastern  shores, 
and  isolated  patches,  if  not  a  continuous  belt  of  Miocene  lim^ 
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stone  between  the  St  Johns  River  and  the  elevated  table  lands 
westward. 

The  following  notes  present  proofs  more  or  less  conclusive 
of  the  statement  above  made  : 

1.    West  Morida. 

The  occurrence  of  Vicksburg  limestone  in  Jackson  County 
has  already  been  noticed,  and  specimens  of  Orbitoides  Mantelli, 
Ptcten  Poulsoni,  and  other  characteristic  fossils  were  collected 
in  siiu  at  several  localities,  e.  g.,  a  few  miles  southeast  of 
Caidpbellton,  at  the  Big  Spring  east  of  Marianna,  etc.,  while  the 
use  of  blocks  of  this  stone  in  the  construction  of  chimneys, 
[  through  the  eastern  and  northern  portion  of  the  county,  attest 
its  occurrence  everywhere  in  those  parts.  In  the  region 
referred  to,  the  limestone  lies  very  near  the  surface,  often  out- 
cropping over  considerable  areas,  and  to  this  circumstance  is 
Jrobably  due  the  exceptional  fertility  of  much  of  the  soil  of 
ackson  County. 

Holmes  Valley  on  the  creek  of  same  name  in  Washington 
County,  another  widely-known  fertile  tract  of  land,  presents 
the  same  geological  features  as  the  portion  of  Jackson  County 
just  mentioned. 

Westward,  in  Holmes,  Walton,  Santa  Rosa  and  Escambia 
Counties,  the  surface  is  generally  covered  with  sand,  so  that 
outcrops  of  rock  are  not  numerous;  but  the  great  number  of 
"boiling"  springs,  sink-holes,  ponds  and  lakes,  taken  in  con- 
nection with  the  distribution  of  the  Orbitoides  limestone  in  the 
adjacent  counties  of  Alabama,  make  it  almost  certain  that  this 
rock  underlies  most  of  West  Florida,  down  at  least  to  the  near 
vicinity  of  the  Gulf  coast. 

2.  Middle  and  South  Florida, 

In  these  portions  of  the  State  my  observations  have  covered 
a  larger  extent  of  country  and  are  correspondingly  more  con- 
dusive  as  to  their  geological  structure. 

Near  the  village  of  Chattahoochee,  the  bluff  of  the  Appa- 
lachicola  River  is  formed  in  part  by  the  Vicksburg  limestone, 
which  has  here  a  tolerably  thick  covering  of  Stratified  Drift, 
consisting  of  reddish  and  yellow  sands  with  some  small  peb- 
bles. The  greater  part  of  Gadsden  County,  as  far  east  at  least 
as  Quincy,  is  a  high  level  plateau  with  thick  beds  of  Stratified 
Drift  and  Yellow  Loam  as  surface  materials.  For  this  reason 
exposures  of  the  underlying  rock  are  not  numerous,  except 
toward  the  river,  along  the  lower  parts  of  the  water  courses. 
Liberty  County  was  not  visited,  but  from  information  obtained 
ftt  Mount  Pleasant,  I  feel  very  well  convinced  that  the  Vicks- 
Wrg  limestone  makes  its  appearance  along  the  river  as  far 
aoaui  as  Bock  Blu£ 
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Leon,  Jefferson  and  Madison  Counties  are  similarly  covered 
with  thick  beds  of  Stratified  Drift  and  Yellow  Loam,  and  near 
the  Georgia  line  the  country  is  somewhat  hilly.  Going  south- 
ward from  Tallahassee,  however,  one  descends  from  the  ele- 
vated country,  two  miles  from  the  town,  to  the  low,  flat  pine 
woods  which  slope  away  gently  toward  the  Gulf.  Here,  the 
usual  feature  of  the  Gulf  slope  are  observed,  viz:  iimesioks, 
ponds,  lakes,  boiling  springs,  and  outcrops  of  limestoneL 
Specimens  of  this  rock  collected  about  six  miles  from  St 
Marks,  in  Wakulla  County,  were  submitted  to  Mr.  Angelo 
Heilprin,  and  by  him  pronounced  to  be  of  Vicksburg  age, 
Orbitoides  Mantelti  being  prominent  among  the  fossils. 

In  many  places  near  the  coast  in  Wakulla  County,  a  veiy 
finely  pulverized  white  marl  is  mingled  with  the  sand,  impart- 
ing to  it  a  great  degree  of  fertility  ;  this  is  the  "Gulf  Ham- 
mock" land  of  which  much  has  been  written.  From  enquiries, 
and  from  the  observations  of  Conrad  and  others,  I  learn  that 
these  "  Hammocks"  exist  all  along  the  coast  from  Wakulla, 
through  Taylor,  Lafayette,  Levy  and  Hillsboro  Counties  to 
Tampa  Bay.  This  marl  is  also  of  Vicksburg  age  where  I 
have  examined  it,  and  from  descriptions  which  I  have  had 
from  various  sources,  it  seems  almost  certain  that  the  marls  of 
the  Gulf  Hammocks  in  the  other  counties  named,  are  of  the 
same  geological  age.  In  Jefferson,  Madison  and  Hamilton 
Counties,  the  Vicksburg  limestone  underlies  the  Stratified  Drift 
everywhere,  as  may  be  seen  in  its  outcrops  along  the  banks  of 
streams.  In  Suwannee  and  Columbia  Counties  the  Vicksburg 
is  still  the  underlying  rock,  the  surface  covering  being  here 
light  colored  sands  chiefly — the  yellow  and  reddish  sands  and 
loams  of  the  adjoining  counties  westward,  being  usually  ab- 
sent. Specimens  of  the  lirpestone  with  characteristic  fossils 
have  been  collected  in  the  vicinity  of  Live  Oak,  and  an  earthy 
limestone,  the  counterpart  of  some  of  the  Vicksburg  limestone^ 
in  which,  however,  no  fossils  were  observed,  was  noticed  by 
me  near  Lake  City  and  thence  out  near  to  the  Suwannee  shoals 
on  the  river  of  same  name.  I  am  informed  that  the  rock  at 
the  shoals  is  highly  fossil  if erous.  At  the  time  of  my  visit  it 
was  hidden  by  high  water. 

The  Suwannee  Kiver,  which  has  its  head  waters  partly  in 
Okefinokee  Swamp  in  Georgia  flows  through  most  of  its  courae 
in  Florida,  between  banks  of  Vicksburg  limestone,  and  sev- 
eral large  sulphur  and  limestone  springs  break  out  through 
crevices  in  the  rock  along  the  river. 

A  bed  of  what  I  suppose  is  lignite  has  been  found  lower 
down  the  river;  the  exact  locality  I  could  not  learn;  but  a 
large  quantity  was  raised  some  years  ago,  and  experimentB, 
with  unfavorable  results,  made  with  it  in  Tallahassee,  to  test 
its  fitness  as  a  material  for  the  manufacture  of  illuminating  gas. 
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Oke6nokee  Swamp,  in  Georgia  and  Florida,  as  may  be  seen 
from  a  map,  is  upon  the  water-shed  between  the  Suwannee  and 
St  Mary's  Rivers  ;  this  ridge  is  prolonged  southward  and  east- 
ward as  Trail  Bidge,  through  Baker,  Bradford  and  Clay 
Goanties,  and  the  elevation  (whether  by  that  name  or  some 
other)  is  continued,  according  to  my  own  observations  and 
thoee  of  others,  nearly  to  the  Everglades.  Although  observa- 
tions are  as  yet  wanting,  to  prove  that  the  Okefinokee  swamp 
reposes  upon  a  bed  of  Vicksburg  limestone,  yet  the  occurrence 
of  that  rock  along  its  southwestern  and  southern  edges  in 
Florida,  as  above  mentioned,  makes  it  very  probable  that  such 
will  be  found  to  be  the  case,  especially  when  we  consider  the 
fact  that  farther  south  along  this  ridge  and  particularly  along 
its  western  slope  in  Alachua,  Marion  and  Sumter  Counties,  the 
Orbitoides  limestone  is  everywhere  the  underlying  formation, 
sometimes  hidden  by  overlying  sands,  but  often  outcropping 
over  extensive  areas. 

The  enumeration  of  a  few  localities  from  which  character- 
istic fossils  have  been  collected,  will  make  more  definite  this 
fneral  assertion.  Orbitoides  limestone  is  the  prevailing,  and 
might  say  the  only,  rock  in  the  vicinity  of  Gainesville, 
many  of  the  chimneys  and  pillars  of  the  houses  there  are 
built  of  it.  The  limestone  is  often  a  mass  of  shells  and  in 
places  0.  Mantellij  forms  it  to  the  almost  total  exclusion  of 
every  other  species. 

Payne's  Prairie,  south  of  Gainesville,  already  mentioned 
above,  occupies  a  depression  or  sink  in  this  limestone. 

The  observations  of  Professor  J.  W.  Bailey  quoted  above, 
show  that  the  same  formation  extends  at  least  to  within  forty 
miles  of  Pilatka.  Between  Gainesville  and  Ocala  in  Marion 
County,  the  chimneys  of  the  farm-houses  reveal  the  character 
of  the  underlying  rock.  At  Ocala,  it  outcrops  in  numerous 
localities,  Orbitoides  Mantelli,  here  as  at  Gainesville,  often  form- 
ing the  entire  rock.  Silver  Spring,  six  miles  east  of  Ocala, 
occupies  a  basin  in  the  same  limestone.  This  is  one  of  the 
largest  of  the  very  numerous  sulphur  springs  of  the  peninsula. 
Steamers  from  the  Ocklawaha  come  up  into  the  spring  where 
they  can  easily  turn.  The  waters  of  the  spring  as  well  as  of 
the  stream — twenty  feet  or  more  in  width,  fifteen  in  depth,  and 
eight  miles  in  length,  from  the  spring  to  the  river, — are  beauti- 
fully clear,  the  jagged  edges  of  tne  limestone  banks,  the  numer- 
ous fish,  and  even  objects  lying  upon  the  bottom,  being  dis- 
tinctly vi.sible  from  the  deck  of  a  steamer. 

Specimens  of  limestone  from  Silver  Spring  were  found  by 
Mr.  Heilprin,  to  be  composed  of  0.  MantelU  Morton  and  0. 
mpera  Con.,  to  the  exclusion  of  other  forms  except  polyzoa. 

About  Ocala,    southward  and   south  westward,  is  a  belt  of 
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**  hammock"  land,  where  an  earthy,  partly  disintegrated  lime- 
stone mingles  with  the  surface  soil.  Reference  to  tables  of 
elevations  appended  below,  will  show  that  this  hammock  land, 
is  sixty  feet  higher  than  the  sandy  plain  of  Ocala.  My  own 
observations  in  the  interior  confirm  the  statement  of  Conrad 
with  reference  to  the  Gulf  Coast  near  Tampa  that  the  Tertiary 
limestone  is  certain  to  be  the  substratum  of  all  the  **  ham- 
mock" land.* 

From  Sumter  County  I  have  no  specimens  of  the  limestone, 
but  from  statements  made  by  the  inhabitants,  there  seems  to 
be  little  if  any  doubt  that  the  rock  which  outcrops  in  the 
western  and  southern  parts  of  the  county  toward  Tampa,  is 
Vicksburg  limestone.  It  is  described  to  me  as  being  in  part  a 
mass  of  shells,  in  part  earthy  and  disintegrated,  in  part  flinty, 
all  well  known  characters  of  this  formation  in  Florida,  and  its 
use  in  the  construction  of  chimneys  in  that  part  of  the  county, 
is  at  least  suggestive  of  its  age. 

We  have  thus  traced  the  Vicksburg  limestone,  by  its  actual 
outa^opsy  from  Jackson  County  in  West  Florida,  through  Middle 
Florida,  into  South  Florida  below  Ocala  in  Marion  Co.  The 
observations  of  Conrad,  Tuomey  and  others,  prove  its  occur- 
rence at  Tampa  and  probably  at  Charlotte  Harbor.  That  it 
underlies  also  the  other  counties  of  West  Florida,  and  part  of 
those  south  of  Sumter  nearly  to  the  Everglades  f  is  open  to 
very  little  doubt,  still  we  must  draw  a  sharp  line  of  dis- 
tinction between  what  has  actually  been  proven  by  personal 
observation,  and  what  is  only  aii  inference  from  the  facts 
observed,  liowever  strongly  the  inference  may  be  supported  by 
the  facts. 

In  Orange  County  between  Sanford  and  Lake  Apopka,  there 
are  several  large  sulphur  springs  of  the  kind  already  men- 
tioned, affording  streams  navigable  by  small  steamers.  Three 
of  these,  Hoosier  Spring,  Clay  Spring  and  Rock  Spring,  all 
within  eight  or  ten  miles  of  the  village  of  Apopka,  were 
visited  by  me.  They  all  come  up  through  fissures  in  lime- 
stone. At  the  first  two,  at  the  time  of  mv  visit,  the  limestone 
was  so  deep  under  water,  by  reason  of  recent  heavy  rain  storms, 
that  it  could  not  })e  closely  examined.  At  Rock  Spring,  how- 
ever, there  is  a  blufi"  of  limestone  some  ten  feet  in  height,  and 
from  this  I  was  able  to  collect  a  number  of  fossila  The? 
were  submitted  to  Mr.  Heilprin  who  determined  among  them 
the  following  species:  Pecten  i fadisoniu.s^  Venus  alveata^XCar- 
dita granulala^  \Carditamera  arata,  Mylihconclia  incurva  ;  doubt- 

*  Tliis  Journal,  II,  vol.  ii,  p.  43. 

f  From  the  distribution  of  the  VickBburjf  limestoDe  in  the  lower  part  of  ^ 
peninsula,  I  am  strongly  inclined  to  believe  that  it  will  be  found  on  further  exAm* 
ination,  to  underlie  a  part,  at  least  of  the  Everglades. 

X  Also  Pliocene. 
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ful  were  also  Cardium  sublineatum  and  Oliva  lUteratcL  This 
would  make  the  limestone  of  Miocene  age,  as  Mr.  Heilprin 
states  his  belief  that  no  Yicksburg  species  are  associated  with 
the  shells  enumerated. 

I  do  not  know  that  Miocene  limestone  has  been  observed 
elsewhere  in  the  state,  but  it  seems  probable  that  it  will,  upon 
examination,  be  ibund  either  in  isolated  patches,  or  forming  a 
continuous  belt  between  the  Post  Pliocene  deposits  toward  the 
east,  and  the  elevated  country  westward,  which  has  as  a  sub- 
stratum the  Yicksbarg  limestone. 

Mj  observations  along  the  St  Johns  Eiver  from  Sanford  to 
Jacksonville  have  added  nothing  to  what  has  alreadv  been 
recorded,  although  corroborating  the  statements  quoted  above 
in  the  introduction. 

Summary  of  Observations, 

From  the  foregoing  pages  it  will  be  seen  that  the  earlier 
observers,  Major  Whiting  in  1888,  and  Lieutenant  Allen 
in  L846,  mention  the  occurrence  in  the  peninsula  of  a  lime- 
stone older  than  that  forming  the  coasts  and  keys :  the  latter 
author  making  the  statement  that  it  underlies  even  the  Ever- 
glades. In  1846  also,  Conrad  determined  definitely  the  age  of 
the  older  limestone  occurring  at  Tampa  Bay,  and  expressed 
the  opinion  that  the  prevailing  limestone  of  the.  peninsula 
would  be  found  to  be  of  the  same  age.  In  1850,  Tuomey  con- 
6rmed  Conrad's  statement  concerning  the  age  of  the  rock  at 
Tampa. 

Up  to  this  time  it  appears,  as  LeConte  states,  that  it  was  the 
general  opinion  that  tne  Florida  peninsula  was  substantially  a 

Erolongation  southward  of  the  Eocene  limestone  of  Georgia; 
ut  the  researches  of  Agassiz  and  LeConte  in  bringing  more 
prominently  into  view  the  recent  character  of  the  coasts  and 
keys,  and  of  the  extreme  southern  end  of  the  peninsula, 
U^ether  with  the  extension  of  the  theory  of  the  latter  author, 
regarding  the  successive  additions  to  the  end  of  the  peninsula, 
by  coral  formations,  threw  a  shade  of  doubt,  to  say  the  least, 
over  the  observations  of  Conrad  and  others,  which  we  now 
know  to  have  been  correct  The  result  has  been,  that  since 
1866  or  1857,  a  general  impression  has  prevailed,  that  with  the 
exception  of  the  problematical  Tertiary  limestone  at  Tampa, 
the  whole  of  Florida  was  of  comparatively  recent  origin,  and 
so  it  is  laid  down  in  the  latest  geological  map. 

In  what  precedes,  I  believe  that  I  have  established,  beyond 
doubt,  the  correctness  of  the  older  views  concerning  the  geo- 
logical structure  of  the  greater  part  of  the  peninsula,  which 
views,  so  far  as  the  published  records  show,  were  based  either 
opon  casual  statements  or  conjectures  of  authors,  except  in  the 
case  of  Tampa  and  its  vicinity. 
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So  far  as  I  know,  tliia  article  contains  also  the  first  published 
record  of  observations  upon  the  geology  of  any  part  of  Uiddle 
or  Western  Florida,  and  tlie  first  account  of  the  discovery  of 
Miocene  strata  in  the  State.  For  these  reasons  tt  has  seemed 
worth  while  to  publish  the  foregoing;;  notes. 

Leaving  out  of  consideration,  for  the  present,  the  beds  of 
stratified  drift,  it  appears  further,  that  along  the  Gulf  coasts  of 
Alabama,  of  West  Florida  and  of  the  Peninsula,  tbe  Poet- 
Pliocene  strata  are  directly  superimposed  upon  the  Vickebarv 
limestone ;  the  intervening  b^s,  representing  the  Miocene  and 
Pliocene,  being,  so  far  as  we  now  know,  absent  from  thoM 
localities. 

On  the  otiier  hand,  we  know  that  in  one  locality  certuialr, 
and  presumbly  elsewhere  along  the  Atlantic  slope  of  (ae 
peninsula,  a  Miocene  limestone  overlies  the  Vicksburg. 

While  rocks  of  Pliocene  age  have  not  yet  been  recognised, 
it  is  reasonable  to  suppose  that  future  explorations  will  reveal 
their  existence  along  the  eastern  coast  in  a  position  sinnilar  to 
that  occupied  by  beds  of  the  same  age  in  Georgia  and  Souih 
Carolina. 

The  facts  with  regard  to  the  distribution  of  the  rocks  of 
Florida  are  presented  in  the  following  map. 

Those  points  where  the  existence  of  the  Vicksbuix  limefltoue 
has  been  determined  beyond  doubt,  by  fossils  collecled  asil 
identified,  are  indicated  upon  the  map  by  a  slightly  darker 
shade.  This  formation  was  first  recognizcil  at  Tampa  and  near 
the  mouth  of  the  Manatee  River  by  Conrad  ;  between  Gainea- 
ville  and  Pilatka.  by  Professor  J,  W.  Bailey ;  and  at  tlic  other 
localities  marked,  bv  mysell  The  locality  of  the  Mioceee 
limestone  was  first  observed  by  myself,  and  the  Post-PIioctM 
age  of  the  coasts  and  keys  has  been  determined  at  many  pmnll 
by  Conrad,  Tuomey,  Agassiz,  LeConte  and  others. 

Between  the  Past-Pliocene  on  the  eastern  coast  and  the 
Eocene  of  the  interior,  a  space  is  left  blank,  as  uwleUnnmni, 
except  in  one  place,  Bock  Spring,  where  the  Miocene  limeslou 
was  noticed.  In  this  area  other  occurrences  of  Miocene  hacM 
will  probably  be  found.  Jt 

Professor  Tuomey  stales  that  the  Vicksburg  litnestone  ia 
probably  the  country  n)ck  as  far  south  as  Charlotte  Harbor. 

Below  that  latitude,  however,  (o  the  Everglades,  the  fonaa- 
tion  is  a  matter  of  conjecture,  though  laid  down  as  probably 
of  \'icksburg  age. 

In  how  far  llie  construction  of  the  map  is  justified  by  the 
facts  observed,  the  reader  has  thus  the  opportunity  of  juijginf; 
for  himself. 
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CONCLUSIOHa 

From  the  observations  of  othera  as  quoted  above,  and  from 
oy  own,  I  have  been  brought  to  the  following  conclusions  re- 
;arding  the  past  geological  history  of  Florida. 

IbL  Since  no  rocks  have  been  found  in  Florida,  older  than 
he  Vicksbura  limestone,  it  follows  that  until  the  end  of  the 
!ocene  period,  this  part  of  our  country  had  not  yet  ^been 
^ded  to  the  firm  land  of  the  continent,  but  was  still  sub- 
nerged. 


■   OP    FLOKIDA.        Br    EUQESE    A,     SUiTll. 

Abbreviation*,  commenciiiK  to  the  westward :  Mq.,  Uilton ;  H.  V.,  Holmes  Valley ; 
,  OunpbelltowD i  M.,  Mariaiia )  Ch.,  Chattahoochee;  Q.,  Qumcj;  St.  M.,  3t. 
«ik^;  L.  O.,  Live  Otk:  L.  C„  Lake  City;  Ok.,  Okiflnokee;  1'.,  Pllatka;  Oc., 
Him;  R.  Sp.,  Bock  Spriog,  odjoiiiiDg  Miocene  locality,  near  taiddle  or  eastern  part 
I  noridA.— The  bktltymetrio  lines  are  from  Ur.  Eilgard's  Map  of  the  Oulf. 

2d.  Daring  the  period  of  disturbance  which  followed  the 
deposition  of  the  Yicksburg  limestone  (Upper  Eocene),  Florida 
DIB  elevmted    nearly  to  its  present  height  above  sea  level, 
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which  elevation  was  maiDtained  without  material  interruption 
until  the  Champlain  period.  Proo&  of  this  statement  maybe 
found  in  the  universal  occurrence  of  the  Vicksburg  lim&^tone 
as  the  country  rock  throuffhout  the  entire  State,  except  per- 
haps in  the  southern  part  oi  the  peninsula. 

3d.  In  this  upward  movement,  the  axis  of  elevation  did  not 
coincide  in  position  with  the  present  main  dividing  ridge 
(north  and  southj  of  the  peninsula,  but  lay  considerably  to  the 
westward,  probably  occupying  approximately  the  position  of 
the  present  western  coast.* 

In  other  words,  during  the  Middle  and  Upper  Tertiarjr 
periods  the  Florida  peninsula  was  much  broader  than  it  u 
now,  toward  the  west ;  and  while  the  eastern  coast  had  nearly 
its  present  position,  the  western  lay  probably  one  hundred,  in 
places  perhaps  one  hundred  and  fifty  miles  beyond  its  present 
place.  West  Florida  was  also  affected  by  this  movement^ 
and  remained  above  sea  level  during  the  same  periods. 

Seasons  for  this  conclusion  are  found  in  the  total  absenoe 
along  the  Gulf  shores  of  West  Florida  and  the  peninsula,  of 
all  strata  between  the  Vicksburg  limestone  and  the  Post  Plio- 
cene; while  the  peculiar  beds  of  the  Grand  Gulf  group  of 
Hilgard  overlie  the  Vicksburg  limestone,  on  the  Gulf  bonien 
of  Mississippi,  Louisiana  and  Texas,  and  a  marine  MioceDC 
limestone  oi  the  usual  Atlantic  coast  character,  overlies  the 
same  rock  on  the  eastern  side  of  the  peninsula. 

This  conclusion,  reached  as  is  seen  above  from  purely  geo- 
logical considerations,  finds  a  support  amounting  almost  to 
demonstration,  in  the  position  of  the  one  hundred  fathom  line 
off  the  Florida  coasts,  as  shown  on  the  accompanying  map  It 
will  be  seen  there  that  the  submerged  portion  of  the  peninsula 
(within  one  hundred  fathoms)  on  the  west,  is  as  wide  as  the 
present  laud  surface,  while  on  the  east  it  is  only  a,  narrow  strip. 

That  sediments  were  deposited  during  the  Middle  and  Upper 
Tertiary  periods  off  the  Gulf  coasts  of  Florida  as  well  as  of 
the  other  States  mentioned  is  of  course  self-evident,  and  their 
absence  along  the  coast  at  Tampa  and  elsewhere  can  be  ex- 
plained only  upon  the  supposition  that  the  coast  line  at  that 
time  was  west  of  its  present  position,  and  that  the  deposits  then 
made  off  that  old  coast  are  now  submerged  beneath  the  waters 
of  the  Gulf. 

It  may  be  objected  that  the  absence  of  these  deposits  on  the 
western  coast  is  apparent  and  not  real:  that  they  have  simply 
escaped  notice :  but  it  seems  hardly  probable  that  two  such 

*  Tliis  assumes  approximate  uniformity  of  slope  on  each  side  of  the  main  line 
of  elevation.  Under  any  other  supposition,  the  facts  would  apparently  require 
an  elevation  of  the  peninsula  after  the  Vicksburg  period,  much  above  its  present 
height,  and  a  depression  during  the  Miocene  period  at  least  thirty  feet  below 
present  level. 
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close  observers  as  Conrad  and  Tuotney  sboald  have  overlooked 
them  if  they  occur  at  least  from  Tampa  southward. 
4th.  After  the   Miocene   (or   possibly  after   the   Pliocene) 

Eeriod,  there  was  again  an  elevation*  of  Florida,  as  is  shown 
y  the  presence  of  a  Miocene  limestone  on  the  eastern  slope  of 
the  peninsala,  some  distance  (not  less  than  thirty  feet)  above 
present  sea  level. 

The  absence  along  the  Gulf  coasts,  of  Miocene  and  later 
Tertiary  deposits,  either  of  marine  (limestone),  or  of  brackish 
or  fresh-water  (Grand  Gulf)  origin,  has  already  been  accounted 
for  above. 

6th.  We  have  evidence  in  the  distribution  of  the  beds  of 
the  Champlain  period  (Stratified  Drift  or  Orange  Sand),  that 
Florida  and  parts  of  adiacent  States  were  during  this  time  sub- 
merged sufficiently  to  allow  the  deposition  over  them  of  a  mass 
of  pebbles,  sand  and  clay,  varying  in  thickness  from  a  few 
feet  to  two  hundred.  The  conditions  under  which  these  beds 
were  deposited  have  been  ably  discussed  by  Hilgard  in  this 
Journal,  and  in  his  Mississippi  and  Louisiana  Reports. 

Of  these  conditions,  I  shall  speak  of  one  only.  From  the 
peculiar  mode  of  stratification  of  most  of  these  beds,  it  is  con- 
duded  with  reason,  that  they  were  sedime^pts  from  rapidly 
flowing,  ever  varying  currents.  In  the  northern  part  of  the 
State,  the  beds  of  r^  and  yellow  loam  lie  directly  upon  the 
Stratified  Drift  These  beds  of  loam  are  devoid  of  stratified 
structure  as  well  as  of  fossils,  and  were  probably  deposited 
from  slowly  running  or  nearly  stagnant  waters. 

The  direct  superposition  of  the  Loam  upon  the  Stratified 
Drift  throughout  Florida,  Alabama  and  the  greater  part  of 
Mississippi  and  Louisiana,  and  the  fact  that  there  is,  with  the 
exception  presently  to  be  noted,  rarely,  if  ever,  any  sharp  line 
of  demarcation  between  the  two — the  upper  beds  of  the  Drift 
passing  by  imperceptible  gradations  into  the  Loam— point 
BtrongTy  to  a  community  of  origin,  and  appear  to  indicate  that 
the  C^am  is  the  last  of  the  sediments  made  by  the  floods  of 
the  Drift.  Along  the  Mississippi  Biver,  the  two  are  separated 
by  the  Port  Hudson  and  Loess  deposits,  both  having  more  or 
less  local  characters  ;  the  Loess  being  distinctly  a  river  bank — 
and  the  Port  Hudson,  a  river  or  gulf  swamp  deposit 

We  can  imagine  that  after  the  great  rush  of  waters  which 
deposited  most  of  the  pebbles  and  other  coarse  materials  of 
oar  Drift,  there  followea,  over  the  larger  part  at  least  of  the 
Gulf  States,  a  gradual  checking  of  the  currents  and  conse- 
quent deposition  of  the  finer  Yellow  Loam,  while  along  the 
axis  of  the  Mississippi,  where,  as  Hilgard  has  shown,  the  ex< 
tremes  of  oscillation  were  experienced,  this  gradual  change^ 

^  On  this  point,  compare  foot-note  on  page  306,  above. 
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from  swiftly  flowing  to  nearly  stagnant  waters,  miffht  have 
been  interrupted  by  such  subordinated  and  local  oscillations  as 
would  have  causea  the  formation  of  deposits  like  the  Port 
Hudson  and  the  Loesa 

6tb.  Following  the  submergence  during  the  Champlain 
period,  was  a  re-elevation,  which  brought  up  the  peninsala 
with  approximately  its  present  configuration.* 

Eviaences  on  this  point  are  to  be  found  in  the  Post-Pliocene 
deposits  described  by  Conrad,  Tuomey  and  others,  as  border- 
ing more  or  less  uniformly,  the  eastern,  southern  and  western 
shores,  and  forming  the  keys. 

7th.  In  the  height  of  these  Post-Pliocene  deposits  above  the 
present  sea-level,  Conrad  and  Tuomey  see  proofs  of  the  eleva- 
tion of  the  peninsula  and  keys  (ten  or  fifteen  feet)  in  still  more 
recent  times,  while,  on  the  other  hand,  Professors  Agassizand 
LeConte  give  a  different  explanation.  To  quote  the  words  of 
the  latter  author :  "  Neither  the  mainland  nor  the  Keys  are 
anywhere  higher  than  may  be  accounted  for  by  the  action  of 
the  waves,  viz:  from  ten  to  fifteen  feet" 

8th.  Since  about  one-fifth  of  the  coast  line  of  the  Oalf  of 
Mexico  is  formed  by  Florida,  the  present  article  woald  lack 
completeness  if  it  did  not  take  into  account  a  theory  or  hy- 
pothesis which  has  been  advanced  in  connection  with  the  geo- 
logical history  of  the  Gulf  region. 

In  view  of  the  absence  of  marine  formations  of  Middle  and 
Upper  Tertiary  age  along  the  Gulf  coasts  of  Mississippi,  Louisi- 
ana and  Texas,  and  to  account  for  the  formation  of  the  beds  of 
the  Grand  Gulf  group,  without  remains  of  marine  life,  which 
overlie  the  Eocene  of  those  coasts,  Professor  Hilgard  has 
been  brought  to  the  conclusion  that  during  a  part  or  the  whole 
of  the  interval  between  the  Vicksburg  and  Champlain  periods, 
the  Gulf  was  by  some  means  isolated  from  the  Atlantic,  and 
thus  converted  icto  afresh-  or  brackish-water  basin,  and  he  also 
further  suggested  that  this  was  brought  about  by  a  land  con- 
nection between  Florida  and  Yucatan. 

This  hypothesis  has  been  freely  discussed  in  this  Journal  and 
elsewhere,  and  a  further  discussion  of  it  would  be  to  some  ex- 
tent foreign  to  this  article,  since  the  facts  observed  by  me  and 
recorded  above,  beyond  proving  that  Florida  during  the  Mid- 
dle and  later  Tertiary  periods,  was  part  of  the  firm  land  of  the 
continent,   and  was  probably   then    nearly   twice   its  present 

*  We  cnD  only  speculate  as  to  when  and  how  the  change  from  the  broad  pcnm- 
Biila  of  the  Middle  and  later  Tertiary  periods,  to  the  present  narrow  form  took 
place.  Two  possibilities  suggest  themselves,  viz :  1 .  At  the  beginning  o!  the 
Champlain  period,  a  more  profound  depression  of  the  western  as  oompared  with 
the  eastern  half  of  the  broad  Tertiary  pejiinsula;  or  2.  At  the  end  of  the  period 
of  submergence,  the  shifting  of  the  main  axis  of  elevation  eastward,  would  haie 
brought  about  this  result. 
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width,  have  no  direct  bearing  upon  the  hypothesis,  and  oflfer 
DO  solution  of  the  main  difficulty  in  the  way  of  its  acceptance, 
viz :  the  depth  (7000  feet)  of  the  straits  between  Yucatan  and 
Cuba,  and  between  Cuba  and  Florida  (8000  feet). 

And  besides,  so  far  as  yet  known,  the  Grand  Gulf  beds 
form  no  part  of  the  present  land  surface  of  Florida,  being 
now,  as  suggested  in  one  of  the  conclusions  above,  probably 
submerged,  if  they  ever  formed  a  part  of  its  Gulf  coast  de* 
posits. 

Appendix. 

Lists  of  altitudes  obtained  from  Maj.  P.  W.  0.  Koerner, 
Engineer. 

I.  Tranrii  RaUroad, 


NAIII6M.             Dliteaoes  from  Femandlna. 

Miles. 

Altltade  above  low 
tide  in  Attantlc. 

FenumdiDA,                           0    )  27  f t.  highest  elevatioD      0 

BogX7  RiTer,                         20        between  these  points.    Back  tide  water. 

Oallahao,                                 27 

30  ft 

Dotton,                                   36 

45 

Baldwin,                                 47 

47 

UazTllle,                                56 

57    foot  of  Trail  Ridge. 

Smnmit  of  Trail  Ridge,         61 

210 

Western  foot  of  Trail  Ridge,  62i 

180 

liughty,                                  66 

140 

Stute.                                    73 

150 

f^nte  Fe  (Lake  Outlet),         79 

137 

Waldo.                                    84 

150 

Hitdiet  Creek,                      91 

(about  100) 

Oainesrille  (Court  House),    95 

128 

Arredondo,                          100(7) 

70 

Areber,                                107 

70 

Sand  Hills  (Summit), 

120 

BroDSon,                              127 

27 

Otter  Creek,                         134 

19 

(Onlf  Hammock) 

, 

UoBBwood,                            144 

10 

Cedtf  Key,                          154 

0 

II.  Peninsular  Railroad, 

m 

Names. 

Elevation  above  low  tide  in  Atlantic. 

Topographical 
Futures 

nfiiir  linA         ■< 

'  Sante  Fe  Lake, 
Pithlachooke  Lake, 

137  ft 
85 

Payne's  Prairie, 

68    Rim  of  Prairie  about 

of 

100  ft  higher. 

Road 

Lochloosa  Lake  and  Orange 

liflke, 

52 

XM/au. 

^  Silver  Spring, 

39 

'  Hawthorne, 

150 

Stations. 

1  Lochloo5ta, 

1  Ocala  (C.  H.  square), 

60 
100 

1^  Ridge  1  m.  s.  of  Ocala  (Hammock),  160 
The  arerafre  elevation  of  the  country  between  Ocala  and  Orange  Lake  is  80  ft 

University  of  Alabama,  Dec.  15,  1880. 
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Art.  XXXVII. — TTie  Magnetic  Survey  of  Missouri;  by  Frakcis 

E.  Nipher. 

In  the  summer  of  1878,  the  writer  beran  a  magnetic  survey 
of  the  State  of  Missouri.  The  work  of  the  first  summer  wa$ 
confined  to  the  northeastern  part  of  the  State,  and  no  points  ol 
interest  were  brought  out.  During  the  summer  of  1879  the 
work  was  extended  over  the  western  half  of  the  State,  and  it 
was  made  apparent  that  diversity  of  surface  exerted  a  much 
more  important  influence  than  had  been  suspected.  The  linei 
of  equal  declination  were  found  to  bend  very  sharply  upon  en- 
tering the  large  valleys,  and  the  needle  showed  a  tendencv  to 
set  at  right  angles  to  the  vallevs.  This  tendency  seemed  to 
be  greatest  when  the  general  direction  of  the  valley  made  an 
angle  of  45®  with  the  normal  position  of  the  needle,  or  roaghly, 
when  the  valley  runs  northeast  and  southwest  or  northwest 
and  southeast  This  tendency  seemed  to  be  inappreciablei 
when  the  valleys  ran  north  and  south  or  east  and  west  In 
the  report  of  1878,*  it  was  suggested  that  this  might  resalt 
from  the  bending  of  the  stream  Tines  of  the  earth-current  sheet, 
due  to  the  greater  conducting  power  of  the  moist  vaHeys.  In 
order  to  settle  this  point,  further  examination  is  necessary,  and 
it  is  proposed  to  make  determinations  of  earth  currents  at  a 
number  of  properly  selected  stations. 

During  the  summer  of  1880  the  work  extended  over  the 
southeastern  part  of  the  State,  where  still  more  important 
flexures  of  the  isogenic  lines  were  discovered.  Here,  however, 
the  position  of  the  needle  is  probably  affected  by  the  iron 
deposits,  and  the  effect  of  contour  is  studied  to  less  advantage. 
At  the  close  of  1880,  observations  had  been  made  at  46 
stations.  In  order  to  bring  out  the  effect  of  contour,  a  relief 
map  of  the  State  was  constructed  in  wax,  and  was  finally 
reproduced  in  plaster.  In  this  work  use  was  made  of  the  pro- 
files of  all  the  railroads  in  the  State,  together  with  a  list  of 
over  300  elevations  in  the  State  collected  by  Henry  Ghantiett 
The  isogonic  lines  which  were  first  drawn  upon  an  ordinary 
map  in  the  usual  manner  to  represent  the  observations  thus  far 
made,  were  then  copied  upon  the  relief  map. 

In  doing  this,  it-  became  apparent  at  once,  that  the  45  sta- 
tions were  wholly  inadequate,  and  that  the  isogonic  lines  thus 
drawn  are  probably  deserving  of  about  the  same  weight  that  a 
topographical  map  would  deserve  if  constructed  from  eleva- 
tions at  these  stations. 

The  wood-cut  is  made  after  an  artotype  which  will  accom- 
pany the  third  annual  report  in  vol.  iv,  no.  2,  of  the  Transac- 

♦Transactions  of  the  St.  Louif^  Academy  ot  Science^  voL  iv,  No.  1,  p.  143. 
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tions  of  the  St.  Louis  Academy  of  Science.  Id  the  original 
map,  tlie  horizontal  scale  is  20  miles  to  the  inch,  the  elevatioDS 
bein^  exaftgerated  200  times.  This  exaggeration  was  neces- 
sary m  order  to  bring  out  the  form  in  the  photograph,  since  on 


V     ^~ 


y 


A 


a  relief  map  150  feet  square,  the  gre;itest  dift'erence  in  elevjition 
in  the  State  drawn  to  the  same  scale  would  be  represented  by 
a  vertical  height  of  one  inch.  The  horizontal  scale  of  the  cut 
is  62  miles  to  the  inch.     Three  stations  in  the  Missoari  valley 
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have  been  inndvertenlly  omitted  in   the  cut     One   of  th< 
(Carrollton)  lies  on  the  8°  80'  line,  a  few  miles  north  of  t 
river.     Another  (Glasgow)  lies  on  the  river,  a  little  south 
east  from  Carrollton.     The  third  (Columbia)  lies  just  east 
the  8^  line,  and  southeast  from  Carrollton.     A  fourth  stati 
omitted  is  nearly  due  east  of  the  southern  terminus  of  the 
line,  and  just  outside  the  7**  80'  loop.    The  other  stations,  re 
resented  bv  the  small  circles  are  shown  on  the  cut,  and  an  i 
speciion  of  the  map  will  show  the  weight  to  be  given  to  diff( 
ent  parts  of  the  lines.     At  stations  situated  at  points  of  abra 
curvature  of  the  lines,  the  observations  have  been  repeated 
various  localities  in  the  region,  until  it  was  clear  that  no  mi 
ute  local  effects  existed. 

The  value  in  the  Iron  Mountain  region  is  the  mean  ( 
many  hundred  determinations  made  with  a  solar  compass  b 
Pumpelly  and  Moore,  in  1872.  This  region  is  in  the  east  pai 
of  the  7°  80'  loop.  In  the  western  iron  field,  which  is  near! 
coincident  with  tne  7®  oval,  our  observations  were  repeated  a 
various  points  (our  aim  being  to  avoid  iron  deposits),  withoa 
finding  any  local  action.  In  conducting  this  survey,  a  maj 
netometer  belonging  to  Washington  University  was  used,  bo 
the  dip  circle  ana  declinometer  were  kindly  furnished  by  Pre 
fessor  J.  E.  Hilgard,  of  the  U.  S.  Coast  and  Geodetic  Survej 
Thus  far  the  survey  has  been  conducted  wholly  on  privat 
means,  in  which  we  have  been  aided  by  the  railroad  corapa 
nies,  and  by  citizens  of  St  Louis*.  A  bill  providing  for  th 
completion  of  the  survey  is  now  before  the  legislature  of  thi 
State. 


Art.  XXXVIII. —  On  American  Sulpha- Selenides  of  Mercury 
by  Geo.  J.  Brtsh — With  analyses  of  Onojrite  from  Utah 
by  W.  J.  CoMSTOCK.  Contributions  from  the  ShefiSeli 
Laboratory,  No.  LXI. 

At  a  meeting  of  the  National  Academy  of  Sciences,  held  i 
New  York  in  November  last,  Professor  J.  S.  Newberry  coir 
niunicated  to  the  Academy  two  papers,  on  the  occurrence  c 
various  ores  in  Southern  Utah,  mentioning,  among  othen 
the  discovery  of  a  mercuric  selenide  at  Marysvale,  a  minin 
oamp  two  hundreii  miles  south  of  Salt  Lake  City. 

A  specimen  of  this  mineral  was  given  me  by  Dr.  Newberr 
and  desiring  to  ascertain  more  definitely  its  specific  relations; 
made  a  pyn^vrnv^stio  examination  of  it>,  and  found  it  to  be  esse 
tially  a  suljMKvselenide  of  mercury  with  traces  of  zinc  ai 
manganese,  and  that  the  mineral  was  probably  identical  wi 
Itivso's  Onofriite.    Ou  commvialcating  my  results  to  Dr.  Ne^ 
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erry,  he  very  kindly  requested  me  to  make  a  further  investi- 
ation  of  the  mineral,  and  placed  in  my  hands  an  abundance 
f  material  for  a  quantitative  examination.  He  stated  that  it 
ocurs  in  what  seems  to  be  a  fissure  vein  in  a  limestone,  which 
e  regards  as  paleozoic,  and  that  the  selenide  was  found  at  the 
ottom  of  a  thirty-foot  shaft,  forming  a  seam  about  four  inches 
ride. 

Phyeieal properties. — The  specimens  received  from  Dr.  New- 
>erry  were,  with  a  single  exception,  small  irregular  fragments, 
iree  from  rock.  The  larger  specimen  was  in  a  gangue  of  com- 
pact gray  limestone,  but  the  greater  part  of  the  specimen,  8  by  8 
inches  square  and  an  inch  in  thickness,  consisted  of  the  sulpho- 
eelenide.  Even  the  limestone  was  found  impregnated  with  the 
same,  sometimes  in  visible  specks,  while  in  other  portions  of 
the  rock  it  was  not  to  be  seen  until  acted  upon  by  acid,  or  vola- 
tilized by  heat  in  the  closed  tube.  A  small  amount  of  associ- 
ated crystalline  calcite  also  included  minute  particles  of  the 
metallic  mineral.  The  most  careful  scrutiny  of  the  gangue 
failed  to  discover  any  native  metallic  mercury,  or  other  associ- 
ated metallic  mineral,  and  there  was  no  difficulty  in  selecting 
an  abundance  of  the  pure  mineral  for  analysis  entirely  free 
from  the  gangue. 

The  mineral  has  a  blackish  gray  color  and  streak.  It  has  no 
diatinct  cleavage,  but  breaks  with  a  conchoidal  fracture  and 
Aows  a  brilliant  metallic  luster  on  freshly  broken  surfaces. 
The  irr^ular  natural  surfaces  of  the  specimens  in  my  posses- 
son  are  somewhat  spongy  or  cavernous  in  aspect,  but  afford 
no  clue  to  the  crystalline  form  of  the  mineral.  The  hardness  is 
about  2*5  and  the  specific  gravity  of  the  mineral,  boiled  in 
water  to  free  from  air,  gave  the  figures  7*61  and  7*68,  in  two 
determinations. 

Pyrognostics. — In  the  closed  tube  the  mineral  decrepitates  at 
first,  then  volatilizes  for  the  most  part,  gives  reactions  for  sul- 
phur and  mercury,  coats  the  tube  with  a  grayish  black  subli- 
mate, and  leaves  a  small  non-volatile  residue  which  is  bright 
yellow  while  hot,  and  paler  on  cooling.     In  the  open  tube  it 
gives  sulphurous  acid  fumes,  and  sublimates  of  metallic  mer- 
cnry  and  sulpho-selenide  of  mercury,  and  leaves,  as  before,  a 
slight  residue  of  a  yellow  color.     On  charcoal  in  R  F.,  the 
assay  tinges  the  flame  blue,  and  in  both  O.  and  R  F.,  gives 
copious   Tumes   with  the   characteristic  disagreeable   odor  of 
selenium,  and  coats  the  coal  with  a  sublimate  having  a  metallic 
loster,  which  last,  when  touched  with  the  R  F.,  disappears, 
tinging  the  flame  azure  blue.     A  slight  non-volatile  residue 
lemains,  which  treated  with  soda,  gives  a  faint  zinc  coating. 
When  the  residue  obtained  from  heating  in  the  tubes  or  on 
charcoal  is  fused  with  borax  on  platinum  wire,  it  gives  an 
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amethystine  bead ;  with  soda  on  platinum  foil,  it  imparts  to  the 
flux  the  pale  green  color  characteristic  of  sodium  manganate. 

Chemical  composition, — The  quantitative  examination  of  the 
mineral  was  made  by  Mr.  W.  J.  Comstock,  assistant  in  the 
Sheffield  Laboratory.     He  followed  the  method  of  H.  Bose, 
decomposing  the  mineral  by  heating  it  in  a  stream  of  chlorine 
gas,  and  from  the  volatile  portion,  separating  the  seleniam 
and  sulphur  by  barium-chloride,  weighing  them  as  barium 
sulphate  and  selenate,  while  the  mercury  was  separated  from 
the  filtrate  from  the  baric  precipitate  as  sulphide.     To  deter 
mine  the  sulphur,  a  separate  portion  of  the  mineral  was  dis- 
solved  by   the  aid   of   aqua   regia  and    potassium   chlorate, 
and  then  evaporated  twice  with  chlorhydric  acid  to  ensure  the 
selenium  being  as  selenous  acid,  when  the  sulphuric  acid  wu 
precipitated  by  barium  chlorida     This  precipitate  was  care- 
fully tested  and  found  to  be  entirely  free  from  selenium.    An 
examination  was  also  made  to  ascertain  if  anything  besides 
selenium,  sulphur  and   mercury  were  carried  over  with  the 
volatile  portion,  by  the  action  of  the  chlorine  gas,  with  a  nqja- 
tive  result     The  non-volatile  residue  from  this  decomposition 
was  found  to  contain  only  manganese  and  zina     This  wib 
dissolved  in  water,  and  in  the  quantitative  examination  acidu- 
lated with  acetic  acid,  and  the  manganese  thrown  down  bj 
bromine,  in  presence  of  sodium-acetate;  from  the  filtrate,  the 
zinc  was  precipitated  as  carbonate  and  weighed  as  oxida 

The  following  are  the  results  of  Mr.  Comstock's  analysis: 


[•423 


I.          n.  III.        IT.       Mean.  Ratio. 

Selenium 469      447  4-68  -068 

Sulphur 11.62     11*73     11*68  -366 

Mercury 81*73     8212  81*93  .409 

Zinc 0*61       0*48  0*54  -008^*429 

Manganese 068       0*70  0*69  -012 

99-42 


These  figures  prove  the  mineral  to  be  essentially  Hg(S,  Se), 
or  a  mercuric  sulpho-selenide,  in  which  the  ratio  of  the  sulphur 
to  the  selenium  is  about  6:1.  This  brings  it  under  the 
mineral  species  onofrite^  which  H.  Rose  found  to  be  a  mercuric 
sulpho-selenide,  with  the  ratio  of  S  to  Se  of  4:1,  a  relation 
which  Rose  evidently  considered  unimportant,  for  he  remarks 
that  mercuric  selenide  and  mercuric  sulphide,  as  isomorphous 
bodies,  probably  combine  in  all  proportions.*  The  identity 
of  the  Utah  mineral  with  onofrite  is  further  established  by  their 
complete  correspondence  in  physical  characters,  and  Dr.  New- 
berry's discovery  of  a  considerable  quantity  of  this  rare  species 
at  a  new  locality  is  an  interesting  fact  for  mineralogical  science. 

In  this  connection  it  may  not  be  amiss  to  review  the  occa^ 

*  Poggendorffs  Ann.,  xlvi,  318. 
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)e  of  native  mercaric  sulpbo-selenides,  which,  thus  far,  I 
eve,  have  only  been  foand  on  the  North  American  conti- 
t.  The  first  mention  of  a  native  sulpho-selenide  of  mercury 
y  Del  Rio.*  He  found  at  Culebras,  in  Mexico,  in  a  lime- 
le  which  overlaid  red  sandstone,  two  ores,  one  red  and  the 
3r  gray ;  the  former  he  described  as  "biseleniuret  of  zinc 

bisulphuret  of  mercury,"  and  the  latter  a  "  biseleniuret 
inc  and  sulphuret  of  mercury."  The  English  mineralogist, 
oke,  named  the  red  mineral  cukbrite^  after  the  locality,  and 
gray  mineral  rioliie,'f  in  honor  of  its  discoverer.  The  gray 
leraf  had  a  density  of  6*56,  and,  according  to  Del  Rio,  con- 
ted  Se  49,  Zn  24,  Hg  19,  S  1-5  =93-5.  Subsequently,  Del 
,  ID  a  letter  to  Mr.  Brooke4  announced  that  the  riolite  was 
itive  selenium  with  a  variable  mixture  of  sulpho-seleniuret 
mercury  and  the  seleniurets  of  cadmium  and  iron."  No 
;her  examination  of  the  red  mineral  was  made,  and  little 
fidenoe  has  been  accorded  Del  Rio's  results, 
fearly  coincident  with  the  publication  of  Del  Rio's  first 
er,  Ker8ten§  announced  the  discovery  of  a  sulpho-selenide 
nercury  among  some  ores  from  Mexico,  but  no  more  pre- 

locality  was  given.  Kersten's  mineral  was  associated  with 
ive  mercury  and  sulphur  in  a  gangue  of  calcite  and  quartz, 
n  18S9,  H.  Rose  received  from  San  Onofre,  in  Mexico,  the 
:;kish  gray  sulpho-selenide  which  he  described  and  named 
frite.\  This  mineral  was  found  in  compact  granular  masses, 
>ciated  with  calcite  and  barite,  and,  according  to  Mr.  G. 
'enberg,  one  of  the  officials  of  the  Real  del  Monte  Com- 
y,  the  mineral  occurred  in  such  quantity  that  it  was  pro- 
ed  to  use  it  as  an  ore  of  mercury,  although  Rose  had  so 
,e  of  the  mineral  for  examination  that  he  was  unable  to 
ach  a  sufficient  amount  of  it  from  adhering  barite  to  enable 
I  to  ascertain  its  specific  gravity.^" 

n  1865,  Professor  A.  del  Costillo,  of  Mexico,  described**  a 
pho-selenide  of  zinc  and  mercury  from  the  quicksilver  mines 
j^uadalcazar ;  this  mineral  was  subsequently  independently 
iroined  and  analyzed  by  Petersenff  and  named  guadcU- 
iritc  A  more  recent  analysis  of  the  same  mineral  is  given 
Rammelsberg  in  his  Mineralchemie,  p.  79.  These  minerals 
T  a  close  resemblance  to  one  another  in  physical  characters, 
?ell  as  in  chemical  composition,  as  will  be  seen  by  the  table  of 

PhiL  Mag.  and  Aon.  Phil,  vol.  iv,  (1828)  p.  113. 
Rionite  is  another  name  given  by  some  authors  for  the  same  mineral. 
L.  and  B.  PhiL  Mag.,  vol  viii,  (1836)  p.  262. 
Kastner  Archiv.,  xiv,  27. 
Loc.  cit 

In  Dana's  Mineralogy,  5th  ed.,  p.  56,  line  10  from  bottom  of  page,  the  density 
D  by  Del  Rio  for  his  gray  mineral  is  erroneously  attributed  to  onofrite. 
^  Dana  Min.,  5th  ed^  p.  109,  and  Burkhardt,  Jahrb.  Min.,  1866,  p.  414. 
Tachermak,  Min.  Mittheil.,  1872,  p.  69  and  p.  243. 
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analyses  given  below.  Furthermore,  guadalcazarite  approaches 
very  nearly  in  composition  the  native  black  mercuric  sulphide 
from  California,  discovered  by  Dr.  G.  K.  Moore,  and  named  by 
him  metacinnabarite*  and,  to  complete  the  list  of  analyses  for 
comparison,  I  add  this,  and  also  an  analysis  of  tiemannite,  the 
mercuric  selenide  from  Tilkeroda  The  specific  gravity  of 
metacinnabarite  is  770-7 '74;  of  the  Utah  onofrite,  7-61-7-68; 
of  guadalcazarite,  7  15  ;  of  tiemannite,  7*15-7 •274. 

S         Se  Hrt      Zn     Mn   Fe    Quarts. 

Metacinnabarite- 13-82     ...  85-79  0-39  0-26  =100-25  Moore. 

Guadalcazarite.. U 01       tr.  83*90  2-09    =100-      Rammelsbei]^. 

do.              U-68    108  *id'l3  4*23*  ...      tr.    ...  =  9962  Peteraen. 

Onofrite,  Utah..  11*68    4*68  81*»3  0*54  0*69    =  99*^2  Comstock. 

do.    San  Onofre.  10*30    6*49  81*33  =  98*12  H.  Roee. 

Tiemannite 0*70  23*61  7402     =  98-33  Schnlta. 

(a)  with  trace  of  oadmium. 

It  will  be  noticed  that  guadalcazarite  as  analyzed  by  Bam- 
melsberg  differs  from  metacinnabarite  only  in  containing  a  small 
amount  (2*09  p.  c.)of  zinc.  Nothing  is  known  with  certainty  as 
to  the  crystalline  form  of  any  of  these  minerals,  but  a  compari- 
son of  their  densities  renders  it  probable  that  they  belong  to  the 
same  system,  and  they  may   oe  considered  as   isomorphoas 
mixtures  of  mercuric  sulphide  and  selenide.     Assuming  this 
to  be  true  in  the  case  of  tne  Utah  onofrite,  and  taking  the  spe- 
cific gravity  of  metacinnabarite  at  7*70,  and  tiemannite  at  7*27, 
we  find  that  the  calculated  density  is  7*64,  while  that  observed 
for  the  mineral  was  7*61-7 '63,  a  remarkably  close  approximation. 
Onofrite  may  therefore  be  looked   upon    as  an  intermediary 
species  with  which   may  be  classed   the  varieties  of  mercuric 
sulphoselenide,  which  cannot  be  united  with  either  metacinna- 
barite or  tiemannite. 

New  Haven,  January  12,  1881. 


Art.  XXXIX. — The  Effect  of  Great  Cold  upon  Magnetism;  by 

John  Trowbridge. 

An  investigation  upon  the  magnetic  condition  of  steel,  and 
upon  the  magnetic  permeability  of  iron  is  now  in  progress  in 
the  Physical  Laboratory  of  Harvard  University.  The  prelim- 
inary experiments  are  interesting,  since  they  show  that  very 
low  temperatures  exercise  far  greater  influence  on  the  magnetic 
condition  than  has  been  noticed  by  previous  observers. 

It  is  stated  by  Wiedmann,f  that  the  cooling  below  the  tem- 
perature at  which  steel  is  magnetized  enfeebles  the  magnetic 
condition.  A  bar  which  was  magnetized  at  6°  C.  or  8°  C. 
gave  at  4°  C.  and  —26°  C.  intensities  represented  by  5*08  and 

♦  Jour.  f.  prakt.  Chem.,  11,  ii,  319,  (1870)  and  this  Journal,  m.  iii,  p.  36. 
f  Daguin,  Traito  de  Physique,  nouv.  ed.     Influence  de  la  temperature  d'aiman- 
tation. 
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•90.  This  represents  a  loss  of  less  than  four  per  cent  In 
QY  experiments  the  magnetic  bar  magnetized  at  20^  C.  when 
ODJected  to  a  temperature  of  about— 60°  C.  loses  a  far  greater 
«roentage  of  its  magnetism.  In  one  case  a  bar  magnetized  to 
ataration  lost  sixty-six  per  cent  of  its  magnetism. 

The  low  temperature  was  produced  by  solid  carbonic  acid  and 
ther ;  and  the  magnetic  moments  of  the  bar  wei*e  measured  by 
placing  it  east  and  west  of  a  suspended  mngnet,  which  was  pro- 
rided  with  a  mirror.    In  this  case  we  have  the  magnetic  moment 

M=ir*Ttana> 
2  ^ 

vhere  r=distance  of  magnet ;  T= horizontal  intensity  of  earth's 
magnetism ;  and  ^=  angle  of  deflection  of  suspended  magnet 
The  angles  were  observed  before  the  magnetic  bar  was  sur- 
roundea  with  the  freezing  mixture  and  afterwards  at  intervals 
when  it  was  subjected,  without  removing  it  from  its  first  posi- 
tion, to  the  influence  of  the  carbonic  acid.  The  following  table 
shows  the  variations  of  the  deflections  to  which  the  magnetic 
moments  are  proportional : 

When  subjected  to  f  reezing  mixture. 
Before  H  min.    After  Interval  of     1  mln.  2  mln.  6  min. 

freealnff.  ooserr.     ^m.  ^m.obe.     obeer.  obser.  obser. 

•H390  '6050  '6860  '5820  '6790  '6640 

'6395  -6020  '5850  '5815  '5740  '5616 

•6390  '6000  '5840  '5825  -5700  '6480 

•5980  '5840  -5815  '5650  '5480 

•5965  -5830  '5600 

'5950  -5820 

'5940 

'5930 

'6920 

'5910 

'5900 

•6890 

The  zero  of  the  scale  was  '5000  and  the  observations  are 
expressed  in  fractions  of  a  meter.  It  will  be  seen  that  this  bar 
lost  in  forty-seven  minutes*  nearly  two-thirds  of  its  original 
magnetic  condition.  After  twenty-four  hours'  exposure  to  the 
temperature  at  which  it  had  been  magnetized,  its  magnetic  con- 
dition was  fifty  per  cent  of  its  original  state. 

A  ring  of  soft  iron  was  next  experimented  upon  according 
to  the  method  of  Professor  Rowland,  and  it  was  found  that  its 
magnetic  permeability  on  being  subjected  to  very  low  temper- 
ature diflFered  greatly  from  the  results  obtained  for  soft  iron  at 
ordinary  temperatures. 

It  is  well  stated  by  Dr.  V.  Strouhal  and  Dr.  C.  Barus,  in  a 
paper  on  the  physical  condition  of  steel,  Ann.  der  Physik  und 
Cbemie,  1880,  No.  13,  that  we  must  regard  each  bar  of  steel, 
in  regard  to  its  magnetic  condition,  as  an  individual  of  special 
characteristics — and  a  long  investigation  will  be  necessary  to 
determine  the  limits  of  the  effect  of  great  cold  upon  magnetisuL 
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Art.   XL. — Channel-fillings  in    Upper  Devonian   Shales;  by 

H.  S.  WiLLIAMa 

Ik  the  midst  of  the  fine  shales  marking  the  passage  from  the 
Portage  to  the  Chemung  groups,  as  they  appear  in  the  neigh- 
borhood of  Ithaca,  New  York,  are  found  narrow  beds  of  sand- 
stone presenting  several  points  of  interest  to  the  geologist 

The  first  example  studied  is  seen  at  the  mouth  of  the  ravine 
opening  where  Junction,  Elm  and  Hector  streets  meet  at  the 
foot  of  West  Hill. 

On  the  faces  of  the  cliff  on  the  north  of  the  ravine  are  seen 
what  appear  to  be  wedge-shaped  beds  of  sandstone  of  a  few 
feet  extent  in  the  shales  which  form  the  main  mass  of  the  rocka 
Upon  a  close  examination  these  wedge-shaped  masses  are  seen 
to  be  sections,  formed  at  different  angles  (by  the  joint-stmctQre 
of  the  rocks)  of  a  continuous  narrow  bed  of  sandstone,  con?ez 
on  the  bottom  and  nearly  flat  and  horizontal  on  the  top,  run- 
ning out  to  thin  wedges  at  the  sides,  its  longitudinal  axis  lying 
diagonally  across  both  systems  of  joints. 

By  a  reduction  of  the  oblique  sections  as  seen  at  seyeral 
points  of  its  exposure  I  determined  the  shape,  size  and  direc- 
tion of  these  sandstone  masses,  which  I  have  called  channel- 
fillings. 

The  first  one  studied  is  about  six  feet  in  width  and  nine 
inches  thick  at  the  center;  the  top  nearly  plane,  while  the 
under  surface  curves  quite  regularly  from  the  center  to  each 
side. 

The  shales,  in  which  the  channel-fillings  lie,  are  fine,  evenlj 
bedded,  thin,  fragile  shales,  the  lines  of  stratification  of  which 
are  uniform  and  horizontal. 

Where  they  meet  the  channel-filling  the  shales  are  abruptly 
cut  off,  the  former  being  solid,  compact  and  showing  no  strat- 
ification. A  fresh  fracture  of  the  sandstone  shows  faint  hori- 
zontal lamination  of  color,  but  this  lamination  is  scarcely  at  all 
recognized  in  any  cleavage  of  the  rock.  At  the  upper  surface 
a  wavy  lamination  is  seen  in  the  coloration,  and  also  in  the 
cleavage  planes  an  inch  or  so  from  the  upper  surface,  which  is 
continued  in  a  more  marked  seam  of  arenaceous  shale  of  uni- 
form thickness  indefinitely  on  both  sides  of  the  channel-fillings. 

The  material  of  the  filling  is  nearly  pure  fine  sand,  while  the 
enclosing  rock  is  argillaceous  shale  with  only  slight  admixture 
of  arenaceous  material.  The  dimensions  (width  and  depth)  do 
not  appreciably  vary  for  a  distance  of  over  one  hundred  feet 
(to  the  south  side  of  the  ravine  where  the  section  was  discov- 
ered in  the  bank  by  following  out  the  determined  direction 
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the  ravine).  The  mass  has  its  longitudinal  axis  in  a 
ing  about  15°  E.  of  N.  and  16°  W.  of  & 
under  surface  of  the  sandstone  masses  present  the  ap- 
ce,  frequently  seen  on  flat  flagstones  from  the  Portage 
and  called  by  Hall  mud-flow  or  ripple  marks, 
ne  case  I  thought  I  could  clearly  distinguish  direction  of 
the  runnels  by  the  diflFerence  of  degree  of  abruptness 
two  sides  of  the  two  ridges  and  furrows.  The  abrupt 
'  the  elevations  seem  to  lie  on  the  north  side,  and  as 
re  casts  I  conclude  that  the  flow  which  made  them  was 
uthward  direction. 

ther  cases  I  could  not  determine  this  point,  and  am  still 
bt  as  to  the  cause  of  the  inequalities  on  this  lower  sur- 

n  further  examination  of  the  ravines  about  Ithaca,  I  dis- 
1  that  these  channel-fillings  are  numerous,  and  distribu- 
•tically  through  about  twenty  feet  of  shales, 
shale  is  well  characterized  by  its  fauna.  Its  termination 
inctly  marked  above  by  coarse  arenaceous  shales  and 
)ne,  well  known  in  the  Chemung  group,  but  these  pecu- 
idstone  channel-fillings  are  not  known  to  occur  above  or 
this  particular  horizon. 

•never,  in  the  neighborhood  the  outcrop  of  the  shales, 
\s  characteristic  fauna  was  discovered,  careful  search 
it  to  light  also  the  channel-fillings,  everywhere  running 
oiform  direction,  and  varying  in  thickness  from  nine  to 
m  inches,  and  in  width  from  five  and  one-half  to  eight 
)  feet. 

thicker  beds  were  somewhat  swollen  in  the  center  on 
id  wrinkles,  looking  very  much  like  the  shrinkage 
es  on  the  surface  of  a  firkin  of  'lard  after  it  has  cooled, 
3en  on  the  upper  surface  of  these  thicker  masses, 
swollen  center  of  these  thick  masses  suggested  the  ex- 
on,  i.  e.,  that  subsequent  to  the  original  deposition  of 
cks  a  certain  amount  of  shrinkage  took  place  in  the 
which  was  not  shared  by  the  arenaceous  channel-fillings, 
us  the  margins  of  the  mass  were  borne  down  by  me 
ing  shales  while  the  center  of  the  mass,  resisting  the 
re,  caused  the  center  of  the  upper  surface  to  bulga 
;he  under  surface  of  one  mass  of  this  kind,  at  the  foot  of 
ilia  ravine,  I  discovered  the  same  fine  lines  trending  in 
fral  uniform  direction  which  have  been  observed  fre- 
y  on  flat  flags  where  they  lie  on  argillaceous  shales, 
•ling  impre^ons  of  glacier  scratches,  and  the  trend  of 
ine«  is  the  same  as  that  occurring  on  the  Portage  sand- 
below,  i.  e.,  nearly  due  east  and  west  In  the  case 
ned  the  lines  run  diagonally  down  the  one  side  the 

>UB.  Sci.— Third  Sbbibs,  Vol.  XXI,  No.  134.— Aprii>,  18S\, 
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channel  across  the  bottom  and  up  the  other;  some  of  the  lines 
are  fine  and  thread-like  and  appear  entirely  uninfluenced  by 
the  depth  of  the  channel  down  and  across  which  they  swept. 

These  lines  puzzle  me  much  for  explanation,  and  the  only 
suggestion  which  appears  to  me  worth  offering  is  that  of  a 
swiftly  moving  tide  or  current  trailing  seaweeds  or  particles 
rapidly  with  it  over  the  bottom. 

To  explain  the  channel-fillings  there  occurs  to  me  only  one 
series  of  events  which  begins  to  cover  the  facts.  The  uniform- 
ity, structure,  directness  and  great  number  of  the  channels 
seems  to  preclude  the  idea  of  a  rapidly  flowing  stream  across  a 
beach,  and  the  continuity  of  the  imbedding  strata  seems  consist- 
ent only  with  under-water  work. 

The  suggestion  I  have  to  offer  is,  that  these  channels  were 
caused  by  the  scratching  of  icebergs  on  the  shoals  represented 
by  the  imbedding  shales  ;  that  the  channels  were  then  scooped 
cleanly  out  of  the  mud  oif  the  bottom  ;  that  the  flow  or  runnel 
marks  were  caused  bj  the  same  ocean  current  which  bore  along 
the  icebergs,  and  perhaps  increased  in  the  wake  of  the  berg. 

The  deposit  of  sand  in  the  channels  was  due  to  the  catching 
of  the  heavier  sand  (in  the  cavity  thus  formed)  more  rapidly 
than  on  the  general  surface  represented  by  the  thin  arenaceous 
layers  above;  and  I  suppose  it  therefore  to  have  been  filled 
during  the  deposit  of  this  thin  stratum  of  arenaceous  shale 
which  is  continuous  with  the  upper  layers  of  the  channel-filling, 
and  which  it  will  be  remembered  is  uniformly  uneven  with 
ripple-mark  structure;  showing  that  during  its  deposit  there 
was  considerable  motion  in  the  depositing  medium,  carried  by 
tides  or  currents. 

Before  closing,  it  may  be  interesting  to  mention  that  the 
richest  locality  known  of  the  commoner  of  the  beautiful  and 
graceful  fern  like  fronds,  called  Lycopodites  Vanuxenii  by  Daw- 
son, but  considered  to  be  allied  with  the  graptolites,  and  named 
Pluvialina  plumaxia  by  Hall  (see  30th  Reg.  Rep.  N.  Y.,  p.  255) 
is  in  the  stratum  immediately  overlying  one  of  the  thickest  of 
these  channel-fillings.  The  stratum  is  a  soft  shale  and  for  an 
inch  or  so  in  thickness  is  filled  with  these  and  other  plant 
remains,  with  a  few  species  of  frail  shells,  avicula,  lingula,  etc., 
in  greater  or  less  abundance.  The  same  stratum  has  yielded  a 
lai'ge  fish  plate  closely  resembling  the  plate  C  of  the  ventral 
shield  of  Newberry's  binichUiys  lerrelli  from  the  Huron  shale 
of  Ohio  (see  Pal.  Ohio,  vol.  ii,  chart  No.  vi,  and  p.  31).  The 
specimen  found  at  Iihaca  is  about  half  the  size  of  the  Ohio 
specimen  figured.  The  shales  in  which  the  channel-fillings  are 
seen  is  characterized  bv  the  presence  of  a  Lingula  which  I 
believe  to  be  new,  at  least  as  a  variety  and  probably  as  a 
species,  and  which  I  propose  to  describe  at  another  time. 
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SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  PflYSica 

On  the  Atomic  Weight  of  Aluminum, — By  the  courtesy  of 
jsor  J.  W.  Mallet,  we  have  received  a  copy  of  his  paper 
the  atomic  weight  of  aluminum.  After  a  review  of  the 
\  of  other  chemists,  Berzelius,  Davy,  Thomson,  Mather, 
8,  Tissier  and  Terreil,  as  well  as  his  own  previous  investiga- 
in  this  direction,  the  author  passes  to  a  description  of  the 

1  research  in  hand,  a  research  which  occupied  three  years 
time  and  which  appears  to  us  to  be  a  model  of  painstaking 
igation.  The  principles  kept  in  view  in  selecting  the 
>ds  were :  "  Ist,  that  each  process  used  should  be  as  simple 
ssible,  and  should  involve  as  little  as  possible  of  known 
ty  to  error;  2d,  that  different  and  independent  processes 
\  be  resorted  to  as  the  means  of  checking  each  other's  re- 
even  though  it  may  fairly  be  assumed  that  one  is  more 

itageous  than  another;  3a,  that  each  process  should  be 
d  out  with  quantities  of  material  differing  considerably  from 
other  in  successive  experiments;  and  4th,  that  only  such 
atomic  weights  should  oe  involved  as  may  be  counted  upon 
^  those  already  known  with  the  nearest  approach  to  accu- 
'  All  the  reagents  used  were  tested  with  the  greatest  care, 
8  of  hard  porcelain  or  platinum  replacing  those  of  glass, 
reighings  were  made  on  a  Becker  balance  in  perfect  order 
jarefully  adjusted.  Where  absolute  weights  were  required 
lethod  of  double  weighing  was  employed.  The  weights 
carefully  compared  with  the  standard  kilogram  in  the  OflSce 

2  Coast  Survey,  the  relation  of  which  to  the  kilogram  of  the 
ves  is  known.  The  density  of  each  weight  used  was  deter- 
l,  as  also  that  of  all  vessels  and  materials  which  had  to  be 
jed.  The  barometer  and  thermometer  being  noted  at  the 
time  with  the  weights,  these  latter  could  easily  be  reduced 
3U0.  Three  methods  of  determining  the  atomic  weight  were 
)yed,  a  series  of  experiments  being  made  by  each  method. 
5  were  :  1st,  the  ignition  of  ammonia  alum  ;  2nd,  the  precipi- 
I  of  the  bromine  in  aluminum  bromide  by  silver ;  and  3d, 
volution  of  hydrogen  by  the  action  of  metallic  aluminum 
sodium  hydrate,  the  hydrogen  being  determined  (1)  by  the 
,  measurement  of  its  volume,  and  (2)  by  weighing  the  water 
iced  bv  its  oxidation.  The  ammonia  alum  of  commerce, 
illy  purified  from  iron,  and  repeatedly  recrystallized,  was 
n  the  first  process.  The  aluminum  hydrate  was  precipitated 
imonia  free  from  the  alcoholic  amines,  well  washed,  dissolved 
drochloric  acid  and  reprecipitated  twice,  then  dissolved  in 
iric  acid,  the  necessary  quantity  of  pure  ammonium  sulphate 
.,  and  the  alum  recrystallized  three  times.  The  ignition  was 
id  in  a  platinum  crucible,  to  the  cover  of  which  was  attached 
5  carrying  two  perforated  diaphragms  to  prevent  the  loss  of 
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8olid  particles.  After  ignition  at  a  bright  yellow  heat  for  an 
hour,  inside  of  a  second  crucible,  it  was  cooled  and  moistened  with 
a  strong  solution  of  ammonium  carbonate,  and  re-ignited.  The 
crucible  containing  now  pure  A1,0„  after  cooling  was  placed  in  a 
specially  constructed  glass  bottle  and  weighed.  For  the  secood 
method,  aluminum  bromide  was  prepared  directly  by  the  action 
of  bromine  upon  aluminum  and  carefully  purified  i>y  repeated 
fractional  distillations  until  it  was  perfectly  white  and  boiled 
steadily  at  263*3^  under  747  mm.  pressure,  the  last  distillation 
being  effected  in  a  current  of  nitrogen.  Pure  silver  was  prepared 
and  dissolved  in  pure  nitric  acid,  the  solution  being  used  to  pre^ 
cipitate  the  aluminum  bromide.  The  amount  of  silver  used  wis 
something  less  than  required  to  completely  precipitate  the  bro- 
mine, the  process  being  completed  by  adding  a  graduated  Rela- 
tion of  silver  from  a  burette.  For  the  third  series,  pure  metallic 
aluminum  was  pre])ared  by  reducing  pure  aluminum  bromide  by 
sodium  in  presence  of  potassium  and  sodium  chlorides  in  a  Bean- 
faye  crucible  lined  with  a  mixture  of  alumina  and  sodium  alumi- 
nate.  A  known  weight  of  the  pure  metal  was  dissolved  in  a  soh- 
tion  of  sodium  hydrate  prepared  from  metallic  sodium.  The 
hydrogen  \vas  collected  in  carefully  calibrated  flasks  over  mercniy 
in  the  first  set  of  experiments,  and  reduced  to  the  normal  volanie. 
In  the  second  set,  the  gas  was  passed  through  a  combustion  tnbe 
containing  cuprie  oxide,  the  water  produced  being  collected  in  i 
calcium-chloride  tube,  a  sulphuric  acid  and  pumice  tube  and  one 
containing  phosphoric  oxide,  used  successively.  For  the  details 
of  these  experiments  and  the  minute  precautions  used  we  murt 
refer  to  the  original  memoir.  In  calculating  the  results  of  these 
experiments,  the  atomic  weights  of  Dumas  and  Stas  were  used, 
viz:  for  O,  15-901;  for  S,  31990;  and  for  N,  14-010.  As  to 
bromine  and  silver,  correction  was  made  for  the  oxygen  occluded 
by  the  silver  in  Stas's  research,  and  thus  the  atomic  weight  of 
silver  became  107*049  and  of  bromine  79*754.  The  results  as  cal- 
culated were  as  follows :  1st  method,  series  A  gave  27'O4O±'0078 
as  a  mean  of  five  experiments ;  series  B,  27'096i*0054,  also  a 
mean  of  five.  Second  method,  series  A  gave  2 7*034-4- '0049,  series 
B  27*023:fc0052,  series  C  27*018rh'00tf9,  A  and  C  being  from 
three  experiments  and  B  from  five.  Third  method,  series  A  gave 
27*005i:*0033  as  a  mean  of  six,  and  series  B  26-990i-0046  ass 
mean  of  three  experiments.  Series  A  of  the  third  method  the 
author  thinks  entitled  to  most  weight  and  series  B,  first  method, 
to  the  least.  The  mean  of  all  thirty  experiments  gives  Al  = 
27  032:fc0045.  If  1,  B  be  excluded,  Alz=27  019±'0030.  Hence 
the  atomic  weight  of  aluminum  is  27*02,  or  when  integers  are 
used  for  O,  N,  C,  Na,  etc.,  27.  The  paper  closes  by  calling 
attention  to  the  fact  that  of  the  eis^hteen  elements  whose  atomic 
weights  have  been  determined  with  the  greatest  possible  pre- 
cision, ten  approximate  to  integers  within  less  than  one-tenth  of 
a  unit.  Hence  the  law  of  Prout  would  seem  to  deserve  a  recon- 
sideration.— Phil,  Irans.y  1003,  1880.  G.  r.  B. 
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L  On  the  light  which  appears  on  Metallic  JSlectrodes  which  are 
',ced  in  hydrogen  gas  at  different  pressures. — O.  Lohse  describes 
f  specti'oscopic  appearance  of  glowing  metallic  electrodes  placed 
an  atmospnere  of  hydrogen  and  of  magnesium  vapor.  The 
>aratus  consisted  merely  of  suitable  vacuum  tubes,  induction 
Is  and  a  spectroscope.  It  appears  from  the  observations  that 
?  dependence  of  the  formation  of  metallic  vapor  upon  the  den- 
Y  of  the  gas  surrounding  the  metallic  electrodes  can  be  stndied 
antilatively  by  the  use  of  a  constant  current  of  electricity.  It 
ilso  perceived  that  with  increasing  rarefaction  of  the  hydrogen 
J  light  intensity  of  the  metallic  vapor  increases  in  the  more 
Tangible  portion  of  the  spectrum. — Ann.  der  Physik.  und 
vemie^  1881,  No.  1.  j.  t. 

5.  J%e  b  line  in  the  Solar  spectrum. — Professor  C.  A,  Young, 
means  of  a  Rutherfurd  grating  of  17280  lines  to  the  inch,  and 
means  of  the  spectrum  of  the  third  order,  has  discovered  that 
and  b^  are  double  and  are  distant  from  each  other  one-sixth  of  a 
it  of  Angstrdm's  scale;  also,  that  the  line  6207*4r  is  double. 
lese  observations  possess  great  interest,  because  it  is  claimed  by 
'ckyer  that  these  lines  are  basic — b^  belonging  to  Fe  and  Mg, 
to  Fe  and  Ni,  5207-4  Cr  and  Fe. —  Observatory,  1880,  p.  271- 
2  ;  Beibl^Uter  Ann.  der  Physik  und  Chemie^  1881,  No.  1. 

J.  T. 

4.  Action  of  an  intermittent  beam  of  radiant  hecU  upon  Gase- 
8  matter. — Professor  Tyndall  in  a  paper  read  before  the  Royal 
ciety,  Jan.  3,  1881,  reviews  the  criticisms  of  various  experi- 
jnters  upon  his  investigations  in  radiant  heat,  and  believes  their 
erpretations  to  be  due  to  a  failure  on  the  part  of  the  critics  to 
jognize  the  strength  of  his  position  as  a  whole.  He  has  taken 
the  subject  anew  and  proposes  to  submit  the  results  in  due 
le  to  the  Royal  Society.  In  the  meantime  he  has  experimented 
on  gaseous  matter  with  Mr.  Bell's  photophone.  Reasoning 
at  highly  diathermanous  bodies  would  produce  faint  sounds 
lile  highly  athermanous  bodies  would  produce  loud  sounds,  it 
jmed  that  the  strength  of  the  sound  could  be  made  the  measure 
the  absorption.  He  proceeded  to  test  the  truth  of  this  reasoning 
'  experiment.  The  first  source  of  rays  was  a  Siemen's  lamp  con- 
cted  with  a  dynamo  machine  worked  by  a  gas  engine.  A  glass 
18  was  used  to  concentrate  the  rays,  and  afterwards  two  lenses, 
circle  of  sheet  zinc  provided  at  first  with  radial  slits  and  after- 
irds  with  teeth  and  interspaces  was  caused  to  rotate  rapidly 
ross  the  beam  near  the  focus.  A  flask  containing  the  gas  or 
por  to  be  examined  was  placed  immediately  behind  the  rota- 
ig  disc.  From  the  flask  a  tube  of  India  rubber  ending  in  a 
itable  tapering  one  of  ivory  or  box-wood  led  to  the  ear.  After- 
irds  silvered  mirroi's  were  used  in  place  of  the  lenses. 
Sulphuric  ether,  formic  ether,  and  acetic  ether  were  placed  in 
Ibons  flasks  and  their  vapor  was  diffused  above  the  liquid.  Loud 
isieal  sounds  were  heard  when  the  intermittent  beams  passed 
rough  the  vapor.     These  are  the  most  highly  absorbent  vapors 
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which  Professor  Tyndall  had  previously  experimented  upon.  Very 
faint  sounds  were  obtained  from  chloroform  and  bisulphide  of 
carbon  which  are  diathermanous.  It  was  found  that  it  was  the 
vapor  and  not  the  liquid  which  is  effective  in  producing  the 
sounds.  In  general,  the  power  of  vapors  to  produce  musical 
sounds  can  be  accurately  expressed  by  their  ability  to  absorb 
radiant  heat.  Eh'ied  air,  dry  oxygen  and  hydrogen  gave  scarcely 
any  effect.  Carbonic  acid  gave  a  louder  note  than  any  of  the 
elementary  gases.  Thus  it  was  found  that  the  gases  stand  in 
the  same  relation  to  the  production  of  musical  sounds  that  they 
occupy  in  regard  to  the  absorption  of  radiant  heat.  The  vapor  of 
water  was  next  tried  and  Professor  Tyndall  heard  with  delight  a 
powerful  musical  sound.  The  method  is  then  enlarged  upon  aft  a 
very  delicate  one  to  test  the  athermancy  or  diathermancy  of  gasefi 
and  vapors.  In  a  subsequent  communication  to  the  Royal  Society, 
Professor  Tyndall  renews  his  enquiry  into  the  effect  of  an  inte^ 
mittent  beam  upon  aqueous  vapor  and  confirms  the  results  ob- 
tained by  him  nineteen  years  ago,  and  believes  these  results  to  be 
in  entire  disaccord  with  those  obtained  by  experimenters  who 
have  ascribed  a  high  absorption  to  air  and  none  to  aqueous  va- 
por. In  the  later  experiments  a  lime  light  was  substituted  for  an 
electric  light,  and  it  was  shown  that  the  light  of  a  candle  was 
sufficient  as  the  source  of  the  intennittent  beams.  The  author 
concludes  that  the  vapor  of  all  compound  liquids  will  be  found 
sonorous  in  the  intermittent  beam,  and  since  he  questions  whether 
there  is  in  nature  an  absolutely  diathermanous  substance  he  believes 
even  the  vapor  of  elementary  bodies  will  be  found  to  be  capable 
of  producing  sounds. — Proc.  Royal  Society^  Jan.  3  and  Jan.  10, 
1881.  J.  T. 

6.  On  the  tones  which  arise  in  a  gas  as  the  effect  of  intermit' 
tent  radiation, — Professor  W.  C.  Rontgen  has  also  recently 
investigated  the  effect  of  an  intermittent  beam  of  heat-rays  in  pro- 
ducing musical  tones  in  a  gaseous  medium,  being  led  to  this  series 
of  experiments  by  the  announcement  of  Professor  Bell's  results 
with  the  photophone.  As  the  source  of  heat  a  Drummond  calcium 
light  was  employed.  The  rays  were  concentrated  by  two  lenses 
on  a  disk  of  .pasteboard  provided  with  a  series  of  openings;  the 
dish  was  arranged  so  that  it  could  be  rapidly  and  silently  rotated 
about  a  horizontal  axis.  Hehind  the  openings  in  the  disk  was 
held  the  absorption  apparatus ;  this  consisted  of  a  tube  12  cm.  in 
length  closed  by  plates  of  rock  salt ;  in  the  side  of  this  was  at- 
tached a  short  (1  cm.)  tube  closed  with  a  piece  of  rubber  cloth, 
which  could  be  inserted  in  the  ear  of  the  observer.  When  the 
disk  was  rotated  the  heat  rays  alternately  fell  upon  the  absorp- 
tion tube  and  were  cut  off  from  it,  producing  thus  an  intermittent 
effect.  The  tube  was  filled  at  first  with  air,  but  no  effect  could 
be  heard.  When,  however,  coal  gas  was  introduced  in  the  tube  a 
very  distinct  tone  was  heard  resembling  the  whistling  sound  pro- 
duced by  a  strong  wind.  The  strength  of  the  tone  did  not  change 
perceptibly  with  the  time  during  which  the  tube  was  exposed, 
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but  the  tones  ceased  immediately  when  the  rays  were  out  off  by 
an  opaque  body,  as  the  hand,  or  a  piece  of  board  placed  before 
the  aisk.  A  solution  of  alum  placed  in  the  path  of  the  heat  rays 
also  caused  the  disappearance  of  the  tones,  while  no  perceptible 
weakening  was  noted  when  the  rays  were  made  to  pass  through 
a  layer  10  cm.  thick  of  a  solution  of  iodine.  With  ammonia  dis- 
tinct tones  were  also  obtained,  but  dry  hydrogen  and  oxygen  be- 
haved like  atmospheric  air.  The  cause  of  these  phenomena  is  ex- 
plained to  be  the  alternate  warming  and  expansion  and  the  rap- 
idly following  cooling  and  contraction  of  the  absorbing  body, 
and,  as  might  be  expected,  the  effect  was  most  distinct  in  the  case 
of  gases  which  have  a  strong  absorptive  power.  The  author 
closes  by  expressing  the  intention  of  determining  the  behavior  of 
water  vapor  m  this  respect,  with  the  view  of  deciding  the  question 
as  to  whether  or  not  it  exerts  a  strong  absorptive  power  on  the 
heat  rays  (see  preceding  notice,  and  p.  236,  March,  1881). — Ann, 
der  Phy8.  u,  Chem.y  Jan.  1881. 

11.  Geology. 

1.  IntemcUional  Geological  Congress  at  Bologna. — ^The  second 
meeting  of  this  Congress  will  be  opened  on  the  26th  of  September 
next,  under  the  presidencv  of  Sign.  Quintino  Sella.    Sign.  J.  Capel- 
lini,  at  Bologna  (65  Via  ^amboni),  is  president  of  the  Committee 
of   Organization,  and  to    him  all  correspondence  should  be  ad- 
dressed.    The  Congress  at  Paris  in  1878  appointed  two  conunit- 
tees,    to  make  reports    at   Bologna :    one  on   the  unification  of 
geological  methoas  of  representation  on  maps  and  sections  by 
colors  and  otherwise ;  a  second,  on  the  unification  of  geological 
nomenclature.     A  third  was  appointed  to  consider  the  question 
of  rales  of  nomenclature  of  species  in  mineralogy  and  paleontol- 
ogy.    The  first  of  these  Committees  consists  of  Mr.  Selwyn,  of 
Canada,  President ;  M.  Renevier,  of  Lausanne,  Secretary ;  and  of 
Messrs.  Ramsay,  Liversidge,  voq  Hauer,  von  Hantken,  Gtlmbel, 
von  M Oiler,  Torell,  Dupont,  De  Chancourtois,  Giordano,  Ribeiro, 
Lesley.     The  members  of  the  second  are,  M.  Hubert,  of  Paris, 
President ;    M.    Dewalque,    of    Li^ge,   Secretary ;    and    Messrs. 
Hughes,  Liversidge,   Capellini,   A.    Favre,   Roemer,  Szabo,  Ste- 
phanesco,  InostranzefE^  Lundgren,  Vilanova,  James  Hall,  Sterry 
Hunt.     Those  of  the  third,  are,  for  Paleontology,  Messrs.  Cotteau, 
Douvill^,  Gaudry,  Gosselet,  Poniel,  De  Saporta ;  and  those  for 
Mineralogy,  Messrs.  Des  Cloizeaux  and  Jannettaz. 

Persons  intending  to  be  present  at  the  Congress  are  desired  to 
give  early  information  to  Signore  Capellini,  stating  fully  their 
place  of  residence  and  particular  department  of  study.  The  fee 
for  members  will  be  twelve  francs ;  and  this  entitles  the  person  to 
the  "  Compte  rendu"  and  other  ordinary  publications  of  the  Con- 
gress. The  certificates  of  membership  will  be  delivered  at  Bo- 
logna after  September  20th. 

M.  Renevier,  Secretary  of  the  first  of  the  Committees,  has  pub- 
lished a  pamphlet,  containing  some  of  the  reports  on  the  colors  for 
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geological  maps  received  by  him  from  several  of  itfl  membera. 
In  these  reports  the  recommendation  from  the  Swiss  Committee 
agrees  with  those  of  France  and  Italy  in  proposing  to  distingniali 
the  Cretaceous  by  a  green  color ;  Jurassic,  by  blue  ;  Liassic,  by 
violet ;  Triassic,  by  brick-red,  Permo-carboniferous,  by  ^«V,  and 
crystalline  schists,  by  rose-cartnine.  It  suggests  bright  yeUo\D  for 
the  Eocene  Terti&ry,  paU  brown-yellow  (jaune  chamois)  for  the 
Miocene,  and  very  pale  sepia  for  the  Pliocene  and  Quaternary  to- 
gether. The  French  propose  p€Ue  yellow  for  Eocene,  reddish  yel- 
low for  Miocene,  red  for  Pliocene  and  very  pale  green  for  Quater- 
nary, and  the  Italian,  bistre  for  Eocene,  readish  yellow  for  Miocene, 
clear  yellow  for  Pliocene,  and  very  pale  green  for  Quaternary. 
For  the  Devonian  and  Silurian,  the  Italian,  French  and  Swiss 
have  proposed  but  one  color — evidence  that  the  countries  coiittio 
little  of  either  of  these  formations. 

2.  Geological  terms  far  Slratlgraphical  Subdivisions, — LookiDg 
at  the  earth's  strata  as  a  historical  series,  it  becomes  natural  to 
divide  geological  time  into  ages  or  eras,  periods  and  epochfi. 
But  in  descriptive  geology  it  is  indispensable  also  that  they 
should  be  subdivided  stratigraphically.  In  English  geological 
works  the  terms  commonly  employed  for  this  latter  purpose  are: 
formation,  system,  series,  group,  beds,  but  with  varied  use.  For- 
mation and  system  are  often  interchanged ;  but  (as  also  in  Ger- 
many) the  latter  term  has  most  general  use.  Series,  groups  and 
beds  are  variously  emploved,  but  almost  always  subordinately  to 
formation  or  system.  The  word  terrane,  from  the  French  terrain 
and  Italian  terreno,  has  been  employed,  but  without  defined 
restriction. 

Prof.  G.  Dewalque,  in  vol.  vii  of  the  Memoirs  of  the  Geologiwil 
Society  of  Belgium  (issued  Feb.  1881),  has  discussed  the  signifi- 
cation of  the  terms  used  in  French  and  Belgian  works  on  geology, 
xi2k\x\iA'^ ,  formation,  terrain,  systhne,  etage,  assise^  zone,  couche.  He 
cites  D'Archiac's  protest  in  1847,  against  the  confusion  as  to  their 
use  at  that  time  in  France,  and  shows  that  the  confusion  is  hardly 
less  now.  He  favors  the  rejection  of  the  tiirm^  for  motion  and  group 
and  would  confine  the  former  to  its  literal  signification  when  refer- 
ence is  to  be  made  to  rocks  of  a  kind  as  calcareous  formutionSy 
granitic  formations;  and  gives  as  the  best  terms  and  their  best 
order,  commencing  with  that  of  broadest  signification,  terrane, 
system,  stage,  substage,  the  last,  made  synonymous  with  "  assise^ 
and  group;  adding  that  the  terms  series  and  zone  (the  latter  when 
characterized  by  particular  fossils),  may  sometimes  be  used  with 
convenience,  though  not  made  to  distinguish  any  particular  grade 
of  subdivision. 

As  an  example  of  his  scheme,  he  cites  part,  of  a  table  of  geologi- 
cal subdivisions  bv  lieiievier.  In  this  table  the  Jurassic  terrane 
includes  four  systems^  the  Portlandian  (Portland  beds) ;  Corallian 
(coral  rag) ;  Oxfordian  (Oxford  oolite)  and  Bathonian  (Bath 
oolite) ;  and  each  of  these  systetns  contains  three  to  four  stages, 
e.  g.,  for  the  Portlandian  system  the  three  stages,  Purbeckian, 
i'*ortiaiidian  and  KimmeTu\\w\a.w  \  ^wd  >g>o  o\\. 
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rhe  scheme  sets  aside  English  usage  altogether — which  would 
ite  (1)  Jurassic  system  or  formcttion  ;  under  this,  Portlan- 
,n  group  or  series ;  and,  under  this,  Purbeckian  (or  Purbeck) 
b.  As  is  seen,  it  gives  to  the  term  system  a  place  subordinate 
terrane^  and  recognizes  four  systems  in  the  Jurassic  terrane ; 
eD  the  expression  foftr  series  would  imply  about  all  there  is  of 
e  system  in  the  succession  of  beds.  System  exists  in  the  geo- 
fical  formations  chiefly  through  the  fossils ;  but  the  system  so 
tnded  is  geologically  of  the  most  comprehensive  kind,  and  hence 
i  term  system^  if  used,  should  be  given  to  the  grander  subdivis- 
is.  But  it  is  much  better  to  have,  in  place  of  the  abstract  term 
fieni^  one  that  refei-s  directly  to  the  objects  classifled,  such  as 
rane  or  forfnation^  because  it  is  more  appropriate  and  more 
ann  D'Archiac,  after  systematizing  his  views  on  the  subject, 
?s,  in  the  later  volumes  of  his  Ilistoiare^  the  term  formation  for 
*  highest  grade ;  then  group  ;  then  stage.  It  is  probable  that  a 
mpromise  might  most  easily  be  eflfected  by  adopting  the  term 
rant  for  the  highest  grade,  it  having  been  already  accepted  in 
ane43,  Belgium,  Switzerland  and  Italy ;  and  for  the  second  grade, 
e  term  grovp^  which  has  the  widest  usage  in  its  favor.  The 
Heme,  thus  modified,  would  be — putting  in  for  the  lowest  grade 
•o  terms  for  choice : 

(1)  Terrane ;  (2)  Group ;  (3)  Stage ;  (4)  Beds  or  Substage. 
The  desirableness  of  agreement  on  some  common  terms  for 
irope,  Britain  and  America  is  beyond  question.  j.  d.  d. 

3.  Metamorphic  rocks — gneiss^  mica  schist^  crystaUi'ne  limestone 
id  others — containing  fossiliferotis  beds. — The  occurrences  of 
Mils  in  connection  with  metamorphic  rocks  art*  facts  of  great 
jblogical  interest,  especially  since  they  instruct  as  to  the  several 
iriods  in  the  past  when  such  rocks  have  been  formed,  and  throw 
ach  light  on  the  true  value  of  any  determinations  of  the  age  of 
'vstalbne  rocks  based  on  their  mineral  constitution.  Facts  of 
us  kind  are  here  cited  from  two  papers  published  in  the  Atti 
oc.  Toscana  di  Scienza  Naturali  (Pisa)  of  Nov.  14,  1880. 
The  first,  by  Professor  G.  Meneghini  of  Pisa,  gives  an  account 
iihe  occurrence  of  Orthocerata  in  limestone  contained  in  beds  of 
neiss  and  mica  schist  in  the  Apuan  Alps.  The  strata  in  the 
^puan  Alps  (situated  to  the  northwest  of  Lucca,  parallel  with  the 
ioast),  near  I<  ociomboli  and  Puntato,  include  beds  of  thin  schistose 
jineiss  and  mica  schist,  with  other  beds  and  marble  above.  Jn  the 
ower  of  these  groups,  in  the  mica  schist,  about  twenty  feet  below 
ts  top  occur  lenticular  masses  of  limestone  (making  it  a  calciferous 
mica  schist) ;  and  this  limestone  has  afforded  Meneghini  a  num- 
l»er  of  specimens  of  three  species  of  Orthoceraf^t,  Two  of  them 
have  a  circular  section,  and  a  central  siphuncle,  and  resemble 
Triassic  species ;  but  the  third  is  elliptical  in  section,  has  an  eccen- 
tric siphon,  very  short  chambers,  and  is  nearest  to  Paleozoic 
Irinds,  with  which  also  the  other  two  have  near  relations.  At 
Mcwceta,  other  specimens  were  found  in  calcareous  be<ls  in  the 
ipper  schists  of  the  series,  part  of  which  may  be  the  same  with 
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no.  2,  and  others  that  are  like  no.  3,  and  have  some  aflliDity  m 
interior  structure  to  Ormoceras  tenuifilum  of  Hall,  and  O.  crebri- 
septum  of  Hall. 

The  second  of  the  papers  referred  to,  by  C.  De  Stefani,  reviews 
the  facts  as  to  the  Equivalency  of  the  formcttions  of  the  Apuan 
Alps  about  Tirreno,  Serchio,  Fiurae  di  Gragnana,  Canale  di 
Sermazzana,  Aulella  and  Magra.  The  following  facts  are  taken 
from  his  enumeration  of  the  rocks  of  the  Paleozoic  and  Mesoxoic 
formations,  with  the  name  of  the  author  who  determined  the  true 
equivalency. 

The  Paleozoic  beds  include  mica  schist,  damonrite  schbt, 
gneiss,  chloritic  damourite  gneiss,  chlorite  schist,  chlontic  argil- 
lyte,  ottrelite  schist,  graphite,  schistose  crystalline  limestone, 
bluish,  cipolin,  and  other  marbles. 

The  Triassic,  overlying  the  Paleozoic,  include  (De  Stefani,  1874,) 
the  ordinary  ^'grezzoni^'  and  also  albite-bearing  magnesian  and 
carbonaceous  varieties,  which  contain  Triassic  fossils  in  Mt.  Sagro, 
at  Vinca  (Savi  in  1846),  in  Carchio,  Corchia,  and  at  other  pla^; 
(2)  Marbles,  ordinary  white,  gray,  cipolin  (greenish  to  fftay  and 
brownish  talcose),  the  statuary  of  Trambiserra,  of  Corchia,  etc, 
and  also  mica  schist  and  chloritic  mica  schist ;  and  in  overlying 
beds  (6),  other  marbles  both  architectural  and  statuary,  besides 
quartz^te,  jasper  rock,  staurolite  schist^  damourite  schist,  graphite, 
chloiitic  damourite  gneiss  containing  oligoclase,  the  latter  with 
impure  limestone  ;  with  Triassic  fossils  in  the  hardiglio  and  other 
limestones  at  Tambura,  Roccandagia,  and  numerous  other  locali- 
ties ;  also,  at  top  (c),  arenaceous  beds,  slates,  gray  and  other  lime- 
stones, with  traces  of  fossils,  and  among  them  Encrinus  Wi- 
formis^  species  of  Cidaris,  Pent(icri?ius,  Chondrites^  etc.  • 

Next  follow  the  subdivisions  of  the  Lias,  the  Tithonian  or 
Purbeck  and  Wealden,  the  Neocomian  and  Gault  of  the  Creta- 
ceous, and  the  Tertiary. 

4.  Bulletin  of  the  U.  S,  Geolor/ical  and  Geographical  Suroey 
of  the  Territories^  F.  V.  IIayden  IJ.  S.  Geologist-in-Oharge.  Vol. 
VI,  No.  1. — ^The  first  article  in  this  number  of  the  Bulletin  is  on 
the  Vegetation  of  the  liocky  Mountain  Region,  by  Asa  Geat 
and  Joseph  D.  Hooker.  Then  follow — by  E.  D.  Cope,  on  New 
Batrachia  and  Reptilia  from  the  Permian  of  Texas,  on  a  Wading 
Bird  from  the  Arayzon  Shales,  on  the  Nimravidie  and  Canidaeof 
the  Miocene,  and  on  the  Vertebrata  of  the  Wind  River  Eocene 
of  Wyoming;  by  U.  W.  Schufeldt,  Osteology  of  Speoti/to  cuni- 
cularia  var.  hypogwa^  and  of  Ereniophila  alpestris ;  by  A  R 
Grote,  a  Preliminary  list  of  the  N.  American  species  of  Agrotis. 

The  Atnyzon  shales  of  Cope  are  Tertiary  lacustrine  bede^'in 
the  South  Park  of  Colorado,  in  N.  E.  Nevada  and  probably  in 
Central  Oregon,"  including  those  of  Florissant ;  they  are  Upper 
Eocene  or  Lower  Miocene.  A  bird  from  them  of  the  Fringillids, 
Palceospiza  bella^  was  described  by  J.  V.  Allen,  in  1878  (Bulletin, 
iv,  44;^).  The  new  xoadijig  bird  is  named  by  Cope  Charadritu 
Sheppardiauus^  and  was  from  near  Florissant. 
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5.  Description  of  the  Coal  Flora  of  the  Carhoniferovs  Forma- 
tion in  Pennsylvania  and  throughout  the  United  States;  by 
Lko  Lesquebeux.  Vol.  II.  1,  Lycopodiacece ;  2,  SigiUarim ; 
8,  Gf/mnosperms.  Report  P  of  the  Second  Geological  Survey  of 
PenDBylvania.  Harrisourg,  Pa.,  1881. — The  text  of  the  coal  flora 
of  L.  Lesquereux's  report  is  nearly  ready  for  distribution ;  the 
fttlas  containing  illustrations  of  the  many  species  has  been  out  for 
nearly  two  years.  The  following  statement  of  the  contents  of  the 
▼olome  has  been  received  from  the  author. 

The  first  part  of  the  report,  covering  600  pages,  contains  along 
with  an  exhibition  of  the  essential  characters  of  the  groups,  fami- 
lies and  genera,  descriptions  of  635  species  of  coal  plants. 

This  part  is  followed  by  general  remarks  in  chapters  headed  as 
follows :  Ist.  The  nature  of  the  vegetation  of  the  Carboniferous 
era  and  its  agency  on  the  economy  of  the  world,  giving  the  his- 
tory of  the  formation  of  the  coal  and  a  discussion  of  the  different 
theories  on  the  subject.  2d.  The  geographical  and  stratigraphi- 
cal  distribution  of  the  Coal-measares.  3d.  The  amount  of  material 
eomprising  the  flora.  4th.  The  United  States  coal  flora  compared 
with  that  of  Europe.  5th.  The  geographical  distribution  of  the 
plants  in  the  Coal-measures.  6th.  Their  stratigraphical  distribu- 
tion, with  a  table  of  distribution  of  the  species.  7th.  On  the  ori- 
gin, succession  and  modification  of  the  vegetable  types  from  the 
base  of  the  Coal-measures  upward. 

This  brings  the  work  to  the  684th  page,  after  which  follow  the 
literature,  containing  an  enumeration,  with  titles,  of  the  works 
qaoted  in  the  flora,  an  index  of  localities,  and  another  index  of  the 

Latin  names. 

• 

III.    Botany  and  Zoology. 

1.  Ihe  British  Moss- Flora;  by  K.  BRAriHWArrE,  M.D.,  F.L.S. 
—Dr.  Braithwaite,  having  by  his  Sphagnacece  or  Peat-Mosses  of 
Europe  and  America  assured  his  position  among  bryologists,  in 
the  present  work  undertakes  a  series  of  monographs  of  the  true 
Mosses  of  Great  Britain,  to  be  issued  in  parts,  in  systematic 
order.  Three  parts  are  already  issued  of  this  work,  which  is  to 
comprise  descriptions,  full  synonymy,  and  detailed  illustration 
from  the  author's  own  drawings,  of  all  the  British  species.  These 
parts  complete  four  families  of  the  Acrocarpous  Mosses,  from 
AndrecsaceiB  to  Polytrichia cem  inclusive,  the  order  and  classifica- 
tion followed  being  that  of  Lindberg.  The  fourth  part  is  an- 
nounced to  contain  the  Fissidentacene.  The  form  of  the  book  is 
imperial  octavo,  the  letter-press  full  and  all  in  English,  the  synon- 
ymy seemingly  complete,  and  historicHl  and  critical  matter  well 
chosen  and  sufliciently  abundant.  The  plates  are  admirable,  not 
only  for  the  drawings  and  judicious  selection  of  the  details,  but 
for  the  lithography,  which,  so  far  as  we  know,  is  unequalled  by 
anything  of  the  kind  in  England.  One  thing  only  we  should  on 
our  part  desire,  and  may  hope  the  author  will  in  future  supply; 
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and  that  is  the  geographical  range  of  the  species,  at  least  as  re- 
spects the  northern  hemisphere.  For  the  British  species  being 
almost  all  indigenous  to  North  America  also,  and  this  work  being 
so  satisfactory  and  of  comparatively  small  cost  and  withal  so 
handsomely  executed,  we  should  expect  a  fair  demand  for  it  in 
the  United  States,  both  from  public  libraries  and  from  a  good 
number  of  bryological  students.  To  facilitate  the  acquisition  of 
the  work  in  this  country,  we  may  state  that  the  talented  author 
is  his  own  publisher;  that  the  price  is  fixed  at  the  rate  of  one 
shilling  per  plate  (on  an  average  so  far  of  about  three  species  to  a 
plate),  letter  press  included,  that  a  prepayment  of  10«.  6d,  wiH 
serve  for  a  section  of  twelve  plates  and  free  delivery  by  post  to 
any  part  of  the  United  States;  and  that  this  may  be  made  by 
money  orders  to  K.  Hraithwaite,  303,  Clapham  Koad,  London, 
payable  at  Clapham  Common  office.  The  first  section  of  twelve 
plates  will-  be  completed  by  the  monograph  of  Fissidene^  with 
three  plates,  now  on  the  eve  of  publication.  a.  g. 

2.  On  the  Origin  of  starch  grains ;  by  A.  F.  W.  Schimpek. 
(Botan.  Zeit.,  1880,  and  now  published  separately.) — The  relations 
of  the  shape  of  the  chlorophyll-grain  to  the  form  of  the  starch 

franules  produced  therein,  are  explained  at  some  length,  and  the 
ifferences  in  the  form  are  shown  to  be  dependent  upon  the  direc- 
tion of  the  supply  of  nutritive  matenjil.  Since  the  location  and 
the  course  of  the  material  from  which  the  starch  of  the  chloro- 
phyll-grain originates  cannot  be  the  same  for  all  parts  of  the 
grain,  it  necessarily  results  that  the  starch  deposited  must  be  unsym- 
metrical  in  form.  But  this  lack  of  symmetry  is  more  than  simple 
irregularity  ;  it  is  governed  generally  by  the  shape  of  the  grain 
of  chlorophyll  in  which  the  process  takes  place. 

The  production  of  starch  in  cells  which  are  devoid  of  chloro- 
phyll, and  where  of  course*  the  greater  part  of  the  supply  of  starch 
IS  deposited,  is  shown  to  be  largely  dependent  upon  the  presence 
in  the  non-assiiiiilatiiig  cells  of  highly  refractive  ellipsoidal  bodies 
(sometimes  spindle-shaped).  Under  the  influence  of  light  these 
bodies  may  be  converted  into  chlorophyll  granules.  They  are 
presumably  identical  with  the  bodies  termed  by  Nsegeli  "^nrf- 
blaschen^'*  and  which  were  also  noticed  by  Tr^cul.  The  different 
forms  of  these  starch-producing  bodies  and  the  characteristic 
shapes  which  the  deposits  assume,  are  conveniently  classified. 
The  author  holds  a  view  which  must  steadily  gain  ground; 
namely,  that  the  starch  which  occurs  in  chlorophyll  granules  i* 
not  the  primary  product  of  the  assimilative  process.  The  re- 
examination of  this  subject  by  Pringsheim  and  by  those  who 
have  repeated  his  experiments,  has  excited  a  renewed  interest  m 
one  of  the  most  important  as  well  as  most  difticult  fields  of  re- 
search.    Tl)is  valuable  paper  is  copiously  illustrated.        u.  f-  g. 

3.  Botamj  of  California^  Vol.  11/  by  Sereno  Watsox. 
(^ambridge,  Mass.,  John  Wilson  &  Son,  University  Press,  1880. 
— The  first  volume  of  this  flora  appeared  in  1876,  and  bore  on  the 
title-page  the  names  of  W.  11.  Brewer  and  Sereno   VVatsou  as 
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authors  of  the  Folypetalece^  and  Asa  Gray  of  the  Gamopetalece, 
That  the  work  is  now  finished  is  due  mainly  to  the  indefatigable 
industry  of  the  botanist  in  whose  name  it  is  issued ;  that  it  is 
published,  as  we  learn  from  a  preparatory  note,  is  owing  chiefly 
to  the  zeal  and  liberality  of  Hon.  S.  C.  Hastings,  who  solicited 
and  obtained  the  necessary  pecuniary  means  for  this  purpose. 
His  fellow-contributors  for  the  present  volume  were  D.  O.  Mills, 
Henry  Pierce,  Leland  Stanford,  J.  0.  Flood  and  Charles  Crocker, 
all  of  San  Francisco. 

The  volume  contains  the  Apetalous  orders,  the  Gyninosperms, 
the  Monocotyledonous  orders,  and  the  higher  ordere  of  Cryptog- 
amous  plants.  As  is  usual  in  works  of  this  character,  some  por- 
tions are  contributed  by  special  collaborator.  Dr.  Engelmann 
writing  the  Oaks,  the  Mistleto  family  and  the  Pines,  Spruces,  etc., 
Mr.  Bebb  the  Willows,  Mr.  William  Boott  the  Carices,  Dr.  Thur- 
ber  the  Grasses,  and  Professor  Eaton  the  Ferns  and  Fern-allies. 

To  say  that  Dr.  Watson's  work  bears  evidence  of  being  very 
carefully  done,  that  his  classification  is  mainly  conformed  to  the 
approved  modern  standard  of  the  British  botanists,  that  his  tech- 
nical characters,  of  ordere,  genera  and  species,  are  concise  yet 
exact  and  reasonably  full,  that  his  statements  of  habitat  and  range 
are  well  studied,  and  that  his  remarks  appended  to  the  generic 
and  specific  descriptions  are  judicious, — is  too  feeble  praise.  The 
work  is  more  than  good ;  it  is  admirable ;  it  is  in  advance  of  any- 
thing of  the  kind  which  has  ever  been  seen,  and  will  long  serve 
as  a  model  for  a  flora,  and  as  an  exalted  standard. 

The  author's  great  ability  as  a  writer  of  Systematic  Botany  is 
especially  evident  in  his  treatment  of  the  Mosses  of  the  Pacific 
States.  He  has  not  been  hitherto  classed  among  American  Bry- 
ologists,  and  has  certainly  not  devoted  year  after  year  to  the 
microscopic  study  of  these  little  plants ;  but  he  has  had  before 
him  the  writings  of  Sullivant,  Schimper,  Lesquereux,  Mitten, 
James,  Austin,  Mueller  and  others,  as  well  as  the  rich  collection 
in  the  Harvard  Herbarium,  and  he  has  collated  and  reduced  to 
one  well-digested  system  the  whole  mass  of  abundant  and  often 
contradictory  material,  more  successfully,  impartially  and  judi- 
ciously than  any  living  specialist  could  have  done.  The  conspec- 
tus of  the  genera  of  Mosses  must  be  regarded  as  a  triumph  of  the 
art  of  applying  to  one  class  of  plants  the  judicious  systematic 
facility  acquired  in  the  study  of  other  classes. 

The  many  additional  species  of  polypetalous  and  gamopetalous 
plants  which  have  been  collected  in  California  since  the  first 
volume  was  published,  together  with  a  few  additions  to  the 
second  volume,  are  given  in  the  latter  part  of  this  volume,  making 
the  whole  complete  up  to  the  summer  of  1880.  Then  follows  an 
index  to  the  whole  work,  a  concise  glossary  of  technical  terms, 
and  a  very  interesting  "  list  of  persons  who  have  made  botanical 
collections  in  California."  This  is  more  than  a  list  of  names,  for 
it  gives  some  biief  account  of  all  known  collectors  of  Californian 
plants  from  Thaddeus  Haenke,  in  1791,  to  S.  F.  Peckham,  in  1866, 
The  principal  more  recent  collectors  are  also  mentioned. 
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The  first  volume,  it  will  be  remembered,  bore  on  the  cover 
a  blossom  of  some  pnekly  cactus,  or  Cereus^  with  the  legend 
"b  spinis  FLOS,"  alhiding  doubtless  to  the  blossoming  out  of  the 
work  from  the  midst  of  thorny  difficulties.  The  second  volume 
bears  in  like  manner  a  branch  and  cone  of  the  "  big  tree,"  Sequoia 
gigantea^  with  the  motto,  at  once  tnumphant  and  prophetic, 
"res  tempore  magna."  d.  c.  e. 

4.   The  Gyynnosporangia  or  Vedar-applee  of  the  United  Statu; 
by  Professor  W.  G.  Farlow.     From  the  Anniversary  Memoirs  of 
the  Boston  Society  of  Natural  History.     4to.  pp.  38,  pi.  2.     Bos- 
ton, published  by  the  Society,  1880. — The  results  of  Oersted's 
experiments  on  Gymnoaporangium  and  Rcpstelia,  made  some  fif- 
teen years  ago,  being  quite  generally  accepted  as  evidence  of  their 
genetic  connection,  any  consideration  of  the  one  naturally  includes 
the  other ;  hence  the  present  paper  is  a  monograph  of  both  genera 
as  represented  in  our  country.     From  their  structure  the  author 
recognizes  the  following  species  of  Gymnosporangium,  including 
Podisoma :    G,  EUisii  (Berk.),   G,  clavariopforme  DC.,  C  ««a- 
cropua  Lk.,  G.  fuscum  DC,   G,  fuseum  var.  globosum  Farlow, 
G,  biseptatum  Ellis,  G.  clavi^yes^  C  and  P.,  and  G,  conicum  DC. 
The  latter,  however,  is  represented  by  so  few  specimens  that  its 
identity  is  not  above  suspicion.     What  has  heretofore  appeared  in 
American  catalogues  as  G.  fuacufn  is  found  to  differ  strikingly 
from  the  European  fuscum^  and  in  the  present  paper  is  placed 
under   that  species  as    var.  globosum,  though   it  will   probably 
sooner  or  later  take  its  ])lace  as  a  distinct  species.     On  anatomical 
grounds  the  following  species  of  Ra»stelia  are  recognized  :  iJ.  ho- 
trgapites  Schw.,  R,  transfonnans  Ellis,  R,  canceUata  Rebent.,  A 
cormda  Kr.,  li,  lacerata  Fr.,  R,  jyenicillata  Fr.,  R.  hyalitiu  Cooke, 
and  R,  aurantlaca  Pk.     It  ap[)ears,  therefore,  that  each  genus  is 
rej)resentcd  bv  eight  s|)ecies,  or,  rejecting  the  doubtful  G.  coniaim 
and  uniting  ^.  lacerata  and  R  penicillata^  as  is  done  by  many 
writers,  there  are  seven  species  of  each. 

Coming  to  the  question  of  the  genetic  connection  of  the  species 
of  the  two  genera,  it  appears  that  Oersted  has  connected  G,  data- 
rimforme  with  R.  lacerata^  G.fnscuia  with  R,  canceUata^  and  G. 
conicum  with  /?.  cornuta.  To  confirm  the  conclusions  of  the  Dan- 
ish botanist,  and  to  pair  off  the  remaining  species  a  series  of  careful 
cultures  were  made  during  the  springs  of  1876,  1877,  1878  and 
1880,  the  sporidia  of  the  various  Gymnosporangia  being  sown  on 
young  plants  or  freshly  gathered  leaves  of  the  Pomese  which  are 
attacked  by  Ucestelia?.  The  results  of  these  experiments  are 
rather  startling.  Spermogonia  followed  very  few  of  the  sowings, 
and  upon  only  two  out  of  the  seven  plants  chosen,  namely,  Anu- 
lanchier  Ca?iade?isis  and  Crataegus  tomentosa.  On  the  former 
they  appeared  once  after  the  sowing  of  G,  macrop\is^  but  as 
fficidia  were  not  found,  and  this  plant  supj)orts  three  Roesteli*,  it 
could  not  be  determined  to  which  species  they  belonged.  On  the 
other  hand,  the  sowing  of  sporidia  of  G,  macropua  on  Crat<jegui 
tomentosa  was  twice  followed  by  the  appearance  of  spermogonia, 
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md  a  like  result  was  expenenced  in  six  experiments  when  the 
nporidia  of  0»  fuscum  var.  globomim  were  used,  and  once  when 
&.  hisepiatufn  was  employed ;  but  neither  of  these  is  the  species 
irhich  Oersted  connected  with  JR.  lacerata,  the  common  secidium 
>f  this  CrataBgus.  The  geographical  distribution  of  the  species 
IB  also  such  as  would  not  be  expected  if  Oersted's  views  are  ror- 
rect ;  ibr  while  the  typical  G,  fuBCxim  and  its  supposed  secidial 
form  R.  canceUata  are  found  in  nearly  equal  quantity,  G.  davor 
fimfoTme  is  not  common,  yet  its  so-called  secidium,  M.  lacerata^  is 
very  abundant,  occurring  at  points  where  the  teleutosporic  form 
has  never  been  found ;  and  G.  conicum,  if  this  species  be  accepted, 
is  a  southern  form,  while  i2.  cornuta  is  distinctly  northern  in  its 

Tfiie  negative  results  of  many  of  Dr.  Farlow's  expenments,  the 
onexpected  indications  of  others,  and  the  lack  of  correspondence 
in  the  distribution  of  species  which  have  been  supposed  to  be  con- 
sected,  joined  to  the  very  contradictory  results  of  recent  Euro- 
pean culture,  must,  therefore,  be  taken  as  indicating  that  if 
RcBstelia  and  Gymnosporangium  really  are  connected,  the  rela- 
tions of  the  several  species  cannot  be  accepted  as  demonstrated ; 
and  there  is  no  little  probability  that  the  spermogonia  produced 
in  successful  experiments  may  arise  from  mycelium  present  in  the 
leaves  when  they  are  collected,  and  stimulated  to  growth  by  the 
altered  conditions  under  which  they  are  placed.  w.  t. 

5.  Regeneration  of  lost  parts  in  the  Squid^  Loligo  PecUei.  Ex- 
tract from  Trans.  Connecticut  Academy,  vol.  v,  p.  318,  Feb., 
1881 ;  by  A.  E.  Verrill. — "I  have  observed  in  this  species,  as 
well  as  in  Ommastrephes  illecebrosus^  numerous  instances  in  which 
some  of  the  suckers  have  been  torn  off  and  afterwards  reproduced. 
In  such  examples  new  suckers  of  various  sizes,  from  those  that  are 
very  minute  up  to  those  that  are  but  little  smaller  than  the  nor- 
mal ones,  can  often  be  found  scattered  among  the  latter,  on  the 
same  individual.  It  seems  to  me  possible  that  some  ot  the  speci- 
mens having  the  suckers  on  the  tentacular  arms  unusually  small, 
may  have  reproduced  all  those  suckers,  or  still  more  likely,  the 
entire  arm. 

"  I  have  seen  specimens  of  this  species,  and  also  of  O.  iUecebro- 
tus,  which,  after  having  lost  the  tips,  or  even  the  distal  half  of  one 
or  more  of  the  sessile  arms,  have  more  or  less  completely  repro- 
duced the  lost  parts.  In  such  cases  the  restored  portion  is  often 
more  slender  and  has  smaller  suckers  than  the  normal  arms,  and 
where  the  old  part  joins  the  new  there  is  often  an  abrupt  change 
in  sizei  Probably  this  difference  would  wholly  disappear,  after  a 
longer  time. 

**An  unquestionable  and  most  remarkable  example  of  the  re- 
production of  several  entire  arms  occurs  in  a  small  specimen  taken 
off  Newport,  R.  I.,  Aug.,  1880.  This  has  the  mantle  70'"°*  long, 
dorsal  arms  22"",  3d  pair  of  arms  30™"*.  The  three  upper  pairs 
of  arms  are  perfectly  normal,  but  both  the  tentacular  and  both 
the  ventral  arms  have  evidently  been  entirely  lost  and  then  repro- 
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diiced,  from  the  very  base.  These  four  arms  are  now  nearlv  pef. 
feet  in  form,  but  are  scarcely  lialf  their  normal  size  on  the  left  tide, 
and  still  smaller  on  the  right  side.  The  left  tentacular  arm  is  onl? 
24"""  lon^,  and  very  slender,  but  it  has  the  normal  proportion  ci 
club,  and  the  suckers,  though  well  formed,  are  diminutive,  and 
those  of  the  two  median  rows  are  scarcely  larger  than  the  lateral 
ones,  and  delicately  denticulated.  The  right  tentacular  arm  it 
less  than  half  as  long  (12™"'),  being  of  about  the  same  lenetb  u 
the  i*estored  ventral  one  of  the  same  side ;  it  is  also  very  s^der 
and  its  suckers  very  minute  and  soft,  in  four  equal  rows.  The 
right  ventral  arm  is  only  14"""  long;  the  left  one  16"*"  long :  both 
are  provided  with  very  small  but  otherwise  normal  suckers, 

"In  another  specimen  from  Vineyard  Sound,  a  female,  with  the 
mantle  about  150™"^  ^^"^9  ^i^^  ^^  ^^^  tentacular  arms  bad  lost  its 
club,  but  the  wound  had  healed  and  a  new  club  was  in  process  of 
formation.  This  new  club  is  represented  by  a  small  tapering 
acute  process,  starting  out  obliquely  from  the  stump,  and  having 
a  sigmoid  curvature ;  its  inner  surface  is  covered  with  very  minate 
suckers.     The  other  arms  are  normal." 

It  seems  probable  that  some  of  the  nominal  European  species  of 
Loligo  that  have  been  based  on  the  smaller  size  of  the  tentacnUr 
arms  or  of  the  suckers  are  due  to  similar  instances  of  regeneratioi 
of  these  parts. 

IV.   Astronomy. 

1.  Reports  on  the  Total  Solar  Eclipses  of  July  29M,  1878, 
and  January  Wth^  1880.  Washington,  1880.  4^,  pp.  xiv  and 
416,  with  about  sixty  plates. — This  volume  is  published  by  the 
Naval  Observatory,  the  arrangement  and  printing  being  under 
the  care  of  Professor  Ilarkness.  The  several  reports  are  in  the 
words  of  the  observers,  and  the  aim  has  been  to  reproduce  u 
exactly  as  possible  in  the  prints /c/c  similes  of  the  drawings. 

iMany  of  the  principal  results  of  the  observations  have  in  one 
form  or  another  been  previously  given  to  the  public.  But  the 
full  meaning  of  them  can  only  be  deduced  by  careful  comparison 
of  these  records  with  previous  eclipse  observations,  and  specially 
with  the  collection  lately  made  by  Mr.  Ranyard.  The  reports 
are  from  over  sixty  observers,  among  whom  are  Professors 
Harkness,  Newcomb,  Watson,  Holden,  Hastings,  Langley,  Hall, 
Wright,  Eastman,  and  Messrs.  Trouvelot,  Hill,  and  Rogers. 
Perhaps  it  is  the  observations  upon  the  corona  that  will  be 
regarcfed  as  of  the  greatest  importance,  as  the  larger  par^  of  the 
observers  gave  their  attention  to  it. 

2.  Report  on  the  Polarization  of  the  Corona  during  tht  totd 
Solar  Eclipse  of  July  29,  1878  ;  by  A.  W.  Wright,  Ph.D.,  Yale 
College. — This  memoir  forms  pp.  261-281,  with  plates  24-28, 
of  the  report  of  the  solar  eclijise  of  July  29,  1878,  issued  from  the 
U.  8.  Naval  Observatory,  VVushington  (see  above).  Professor 
Wright  first  gives  an  account  of  some  preliminary  experiments 
with  artiiicial  coronas,  which  served  to  make  clear  the  special 
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lifScalties  to  be  encountered  in  the  actual  observations  made  and 
o  test  the  efficiency  of  the  means  adopted.  The  forms  of  appa- 
rmtus  employed  are  described  in  full,  including,  among  other 
things,  a  polarimeter  of  novel  construction,  and  which  proved 
noRt  efficient  in  the  actual  work.  The  observations  made  during 
the  eclipse  are  then  given  in  detail.  The  results  of  the  various 
observations  made  are  summarized  as  follows : 

(1)  With  respect  to  the  character  of  the  polarization,  the 
observations  made  by  three  independent  methods  agree  in  show- 
ing that  it  is  radial.  The  photographs  appear  to  indicate  some 
deviation  of  the  planes  of  polarization  from  the  direction  of  the 
radii,  in  four  regions  situated  some  20®  from  the  poles,  where 
they  seem  to  be  deflected  outward ;  that  is,  away  from  the  solar 
ixis.  The  amount  of  the  deflection  as  well  as  its  existence  is 
tobject  to  some  uncertainty,  for  the  reason  that  it  may  possibly 
be  explained  by  certain  peculiarities  in  the  distribution  of  the 
intensity  of  polarization.  The  effect  is  more  strongly  marked  in 
the  northern  hemisphere. 

(2)  The  polarization  decreases  from  the  moon's  limb  outward, 
as  shown  both  by  the  photographs  and  the  polarimetric  measure- 
ments. The  latter  show  that  for  a  space  vertically  beneath  the 
win,  and  distant  between  4'  and  10'  from  the  moon's  limb,  it 
amounts  to  12  per  cent,  and  between  12'  and  18'  to  6*8  per  cent, 
being  still  less  for  a  point  more  remote.  • 

(3)  Around  the  circumference  the  intensity  appears  to  be 
approximately  uniform,  except  for  a  region  about  the  poles, 
extending  20    each  way,  where  it  is  somewhat  greater. 

(4)  The  observations  afford  no  answer  to  the  question  whether 
the  polarization  is  confined  to  the  light  which  gives  the  continu- 
0Q8  spectrum,  inasmuch  as  the  expected  briijht  line  spectrum  was 
too  faint  to  be  observed. 

(5)  The  conclusion  seems  to  be  warranted  that  the  passage 
of  the  polarized  rays  through  the  terrestrial  atmosphere  produces 
but  very  slight  effects,  and  none  that  can  be  definitely  recognized 
in  the  results  of  the  observations.  The  influence  of  polarization 
in  the  rays  reflected  by  the  atmosphere  was  inappreciable.  The 
difluse  light  of  the  sky  may  have  had  a  slight  share  in  diminish- 
ing the  apparent  polarization  at  the  extreme  outer  bonier  of  the 
corona  by  dilution,  but  it  is  doubtful  whether  it  was  sufficient  to 
make  it  necessary  to  take  it  into  consideration. 

3.  Memoirs  of  the  Roynl  Agronomical  Society  of  Londo7iy 
Vol  XLI,  1870,  with  eighteen  plates. — This  thick  volume  is 
exclusively  devoted  to  the  solar  eclipses,  and  is  prepared  by  Mr. 
Ranyard  at  the  suggestion  of  the  Astronomer  Hoyal.  The  plan 
of  the  work  is  to  bring  systematically  together  in  separate  chap- 
ters all  the  observations  of  solar  eclipses,  classifying  them  accord- 
ing to  subjects.  The  volume  contains  44  chapters,  each  devoted 
to  a  special  subject,  and  includes  all  the  eclipses  that  have  been 
well  observed  down  to,  but  not  including,  that  of  1878.  I'here  is 
a  very  large  amount  of  new  matter,  especially  of  details  of  the 
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structure  of  the  corona  as  derived  from  the  photographs  of  the 
eclipse  of  1 87 1 .  The  plates  show  that  this  appendage  of  the  sun  ii 
much  more  complicated  in  form  than  has  been  hitherto  supposed. 

V.   Miscellaneous  Scientific  Intelligence. 

1.  Soldering  hij  Compression. — M.  W.  Spring,  after  describing 
the  apparatus  he  used,  gives  the  following  results  in  an  elaborate 
research  published  in  the  Bulletin  of  the  Brussels  Academy  of 
Sciences  for  1880  (xlix,  323) : 

Powdered  lead  became  perfectly  solid,  like  a  block  obtained 
from  fusion,  under  a  pressure  of  2,000  atmospheres,  and  with  a 
pressure  of  5,000.  run  like  a  liquid ;  bismuth  became  perfectly 
solid  under  a  pressure  of  6,000 ;  tm,  3,000 ; .  zinc,  5,000 ;  alumionm, 
6,000 ;  copper,  like  aluminum ;  antimony  with  more  difficulty  than 
aluminum,  the  compacted  mass  obtained  under  5,000  atmospherei 
being  more  or  less  pulverulent  at  center;  platinum,  not  oodsoU* 
dated. 

Powdered  transparent  monoclinic  sulphur  became  perfectly 
solid  under  a  pressure  of  5,000  atmospheres,  but  was  changed  to 
orthorhombic  sulphur,  which  has  higher  density  than  the  rnonO' 
clinic ;  orthorhombic  sulphur,  under  a  pressure  of  3,000 ;  graphite^ 
5,500,  becoming  as  solid  as  the  best  native  graphite. 

Ahimiiia,  in  powder,  obtained  by  precipitation  of  aluminum  sul- 
phate by  ammonium  carbonate,  became  perfectly  solid  and  tran^ 
lucent  with  a  tendency  to  transparency  at  5,000  atmospheres,  and 
had  a  bluish  reflection,  but  without  great  hardness;  at  5,000, it 
run  like  a  liquid  so  that  it  could  not  be  subjected  in  the  apparatus 
to  higher  pressure. 

Silica,  in  powder  (using  fine  sand,  and  also  precipitated  silica), 
gave  only  a  commencement  of  union  under  any  pressure  used.  " 
Gypsum  became  only  imperfectly  solid,  it  breaking  early  into  ^ 
bits.  Chalk,  under  a  pressure  of  6,000  atmospheres,  became  u 
solid  as  the  ordinary  chalk  crayons;  iceland  spar,  under  6,000, 
became  harder  than  chalk,  but  not  quite  firm.  Precipitated  lead 
carbonate  gave  no  result ;  glass,  no  satisfactory  result,  under  a 
pressure  of  6,000  atmospheres. 

Bituminous  coal  in  powder  became  perfectly  solid  under  a 
pressure  of  6,000  atmospheres,  and  may  be  moulded  at  this  pres- 
sure with  the  greatest  facility,  being  plastic,  "  which  explains  how 
the  flexing  of  ancient  coal-beds  became  possible."  Peat,  under  a 
pressure  of  6,000  atmospheres,  became  a  brilliant  black  solid,  hard 
and  looking  like  coal,  with  its  organic  texture  completely  obliter- 
ated ;  it  was  also  plastic,  "illustrating  thereby  the  origin  of  coal," 
and  showing  that  heat  was  not  needed  to  produce  it ;  moreover, 
it  yielded  a  coke  like  that  of  mineral  coal. 

Charcoal  (obtained  by  calcining  sugar)  underwent  no  change; 
and  the  same  was  tnie  of  animal  black. 

The  author  gives  results  from  trials  with  various  other  substaD- 
ces — 83  in  all,  and  ends  his  paper  with  some  general  conclusions 
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2.  Geodesy^  by  Col.  A.  R.  Clarkb,  R.E.,  F.R.S.,  etc.  Oxford, 
880.  8**,  356  pp. — ^This  work  supplies  a  want  long  seriously  felt 
D  the  English  literature  of  Geodesy.  Its  late  date  gives  it  the 
preat  advantage  of  comprising  the  most  recent  improved  methods 
D  observation  and  theoretical  discussion.  The  treatment  of  the 
iubject  18  simple,  pertinent  and  condensed,  while  illustrations  are 
^thered  with  rare  discrimination  from  the  governmental  reports 
)li  all  nations  now  prosecuting  geodesic  operations.  Col.  Clarke, 
irho  has  lons^  been  connected  with  the  Trigonometrical  Survey  of 
Sreat  Britain,  and  of  late  years  has  had  charge  of  its  Geodesy, 
idds  to  the  general  didactic  treatment  of  the  subject  a  brief 
Uflcusnon  of  the  figure  of  the  earth  as  determined  from  geodesic 
measurements  and  pendulum  experiments,  showing  that  the  ratio 
of  the  polar  and  equatorial  axes  of  the  terrestrial  spheroid  does 
not  dinfer  sensibly,  so  far  as  can  be  ascertained  from  existing 
jata.  By  both  methods  the  ratio  of  the  polar  and  equatorial 
iiametersis  now  found  to  be  about  292  :  293.  This  work  should 
be  in  the  hands  of  every  student  of  geodesy.  j.  e.  h. 

3.  Memorial  volume  of  Benjamin  Peirce. — The  editor  of  the 
Harvard  Register,  Mr.  Moses  King,  has  published,  in  tasteful 
form,  a  little  volume  designed  as  a  memorial  of  Professor  Peirce. 
[t  contains,  after  the  introductory  note  by  the  editor,  the  notice 
>f  Professor  Peirce  published  in  the  Register  in  May,  1880,  a  brief 
itatement  of  his  final  illness  and  of  the  services  at  the  funeral,  with 
die  address  of  the  Rev.  J.  F.  Clarke,  delivered  at  that  time ;  it 
ilso  contains  obituary  notices  reprinted  from  other  publications, 
leveral  memorial  sermons,  and  a  poem  by  Dr.  Holmes.  An 
sxcellent  portrait  of  the  eminent  Harvard  mathematician  forms 
the  frontispiece  of  the  volume. 

4.  7%e  Atomic  Theory ^  by  Ad.  Wurtz,  translated  by  E.  Clem- 
iiishaw.  344  pp.  8vo.  New  York,  1881  (International  Scientific 
Series — ^D.  Appleton  &  Co.). — Prof.  Wurtz  has  given  a  very 
dear  and  simple  statement  of  the  historical  development  and 
ppesent  state  of  the  atomic  theory.  The  book  is  well  adapted  for 
the  class  of  readers  for  which  it  is  especially  designed,  and  any- 
one, even  with  but  comparatively  slight  previous  training,  may 
gain  from  it  a  knowledge  of  the  general  principles  of  chemical 
philosophy  now  accepted. 

5.  The  Third  International  Geographical  Congress, — The  first 
lotemational  Congress  was  held  at  Antwerp  in  1871,  and  the  sec- 
ond at  Paris,  in  1875.  The  third  will  be  held  at  Venice  during 
the  week  commencing  on  the  15th  of  September  next.  The  Geo- 
mphical  Exhibition  will  be  opened  t^ept.  1st,  and  close  not 
Kefore  Oct.  1.  The  Congress  will  be  divided  into  seven  sections: 
(1)  Mathematical  Geography,  Geodesy,  Topoirraphy ;  (2)  llydro- 
^phy.  Maritime  Geography ;  (3)  Physical  Geography.  Meteor- 
>logy,  Geology,  Botany,  Zoology;  (4)  Historiciil,  Ethnographi- 
cal, Philological  Geography,  History  of  Geography;  (5)  Econo- 
nical,  Commercial,  Statistical  Geography  ;  (6)  Methodology,  Tui- 
tioo  of  Geography ;  (7)  Exploring  and  Geographical  Expeditions, 
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Correspondence  should  be  addressed  to  the  Managing  Committee 
of  the  Third  International  Geographical  Congress,  26  Via  del 
Collegio  Romano,  Rome.  Information  may  also  be  obtained  at 
the  office  of  the  English  Monthly  Review,  Minerva,  66  Piazza 
Montecitorio,  Rome. 

The  President  of  the  Italian  Geographical  Society  is  Prince  Di 
Teano,  and  the  Chief  Secretary,  G.  Dalla  Vedova. 

6.  lUinois  State  Laboratory  of  Nattiral  History, — Bulletin 
No.  3,  consisting  of  160  pages  8vo,  contains  the  results  of  ex- 
tended personal  observations  bv  Mr.  S.  A.  Fokbes,  occupying  130 
pages,  on  the  food  of  fishes  and  birds,  besides  notes,  by  the  same, 
on  Insectivorous  Coleoptera ;  and  also  a  paper  by  F.  M.  Webstek, 
on  the  food  of  predaceous  beetles. 

Reports  ou  tlie  results  of  dredgiDg,  under  the  supervision  of  A.  Agassiz,  in  the 
Caribbean  Sea,  1878-79,  along  the  Atlantic  coast  of  the  United  States  during  the 
summer  of  1880,  by  the  United  States  Coast  Survey  steamer  "Blake/*  Commaoder 
J.  R.  Bartlett  U.  S.  N.,  commanding.  Two  reports  have  recently  been  published 
(Doc,  1880)  in  vol.  viii  of  ihe  Bulletin  of  the  Museum  of  Comparative  Zoology  of 
Harvard  (^oUege:  Etudes  proliminaires  sur  les  Crustacea,  par  M.  Alph.  MBne* 
Edwards,  Ire  partie,  pp.  1  to  G8,  witli  2  plates ;  the  other,  A  Preliminary  Report 
on  the  Echini,  by  A.  Agassiz,  pp.  69  to  84. 

Bulletin  of  the  Buffalo  Society  of  Natural  Sciences,  vol.  iii,  No.  5,  cootaint, 
besides  an  imix>rtant  archaM^logiod  paper,  a  description  of  a  new  Argulus  by  D. 
S.  Kcllicott,  and  a  new  Check -list  of  N.  A.  Sphing^dse,  by  A.  R.  Grote. 

OBITUARY. 

Dr.  John  J.  Hiosby,  F.R.S.,  founder  of  the  Bigsby  Medal  of 
the  Geolocjical  Society,  died  at  Gloucester  Place,  on  the  lOth 
of  February,  at  the  ago  of  eighty-eight.  Dr.  Higsby  was  long  a 
resident  of  Canada,  and  a  very  early  contributor  on  geological 
subjects  to  this  Journal.  His  hrst  article  appeared  in  the  second 
volume,  in  1820.  In  1808  he  published  his  "Thesaurus  Siluricns: 
The  Flora  and  Fauna  of  the  Silurian  Period,"  and  in  1878,  just 
three  years  since,  his  ''Thesaurus  Devon  ico-Carboniferus :  The 
Flora  and  Fauna  of  the  Devonian  and  Carboniferous  Periods." 
Both  works  involved  a  vast  amount  of  labor,  and  evinced  that 
his  energies  and  his  interest  in  his  favorite  science  continued  long 
after  the  time  when  most  men  begin  to  rest  from  their  work. 

Professor  K.  Bork  ky,  of  Prague,  eminent  in  mi^ieralogy  and 
lithology,  and  the  author  of  several  valuable  memoirs  on  the 
igneous  rocks  of  Bohemia,  died  on  the  27th  of  January  at  the  age 
of  forty. 

Professor  Jamks  Tknxant,  long  connected  with  King's  College, 
LoTulon,  and  well  known  as  an  active  collector  of  minerals  and 
gems,  died  recently  at  the  age  of  seventy-three. 

Mr.  Joseph  A.  Clay,  a  successful  amateur  mineralogist  and  a 
prominent  member  of  the  Philadelphia  bar,  died  on  March  18th, 
in  his  seventy-lifth  year. 


APPENDIX. 


Art.  XLI. — A  New  Order  of  Extinct  Jurassic  Reptiles  {Coeluria); 

by  O.  C.  Marsh.     With  Plate  X. 

The  remains  previously  described  by  the  writer,  and  named 
Oodlums  fragilis*  prove  on  further  investigation  to  represent  a 
new  group  of  much  interest  Portions  of  the  skeleton  of 
some  ten  or  twelve  different  individuals  have  now  been  se- 
cured from  the  same  horizoTi  in  the  upper  Jurassic  that  yielded 
the  type  specimen,  and  all  are  in  the  Museum  of  Yale  College. 
A  study  of  these  remains,  which  are  mostly  vertebrae,  shows 
clearly  that  they  differ  widely  from  the  corresponding  parts  in 
any  of  the  known  orders  of  reptiles,  living  or  extinct,  but  the 
nearest  aflSnities  of  the  new  group  cannot  as  yet  be  determined 
with  certainty. 

The    most  marked  feature  in  all   the   known    remains  of 
Codurus  is  the  extreme  lightness  of  the  bones,  the  excavations 
in  them  being  more  extensive  than   in  the  skeleton  of  any 
known  vertebrate.     In  the  vertebrae,  for  example,  the  cavities 
are  proportionally  larger  than  in  either  Pterodactyls  or  Birds, 
the  amount  of  osseous  tissue  retained,  being  mainly  confined 
to  their  exterior  walls.     In  Plate  x,   a  cervical,  dorsal,  and 
caudal  vertebra  are  figured,  with  transverse  sections  of  each  to 
illustrate  this  point.     Even  the    ribs  of  Coelurus  are  hollow, 
with  well  defined  walls  to  their  large  cavities.     No  limb  bones 
of  Coelurus  are  as  yet  known  with  certainty,  and  those  pro- 
visionally referred  to  that  genus  are,  owing  to  their  fragility, 
too  imperfectly  preserved  for  accurate  determination. 

The  vertebrae  of  Goelurus  now  known  are  from  various  parts 
of  the  column,  arid  most  of  them  are  in  good  condition. 
Three  of  these  are  represented  natural  size  in  Plate  x.  The 
cervicals  are  large  and  elongate,  and  were  locked  together  by 
strong  zygapophyses.  The  first  three  or  four  behind  the  axis 
had  the  front  articular  face  of  the  centrum  somewhat  convex, 
and  the  posterior  one  deeply  concave.  All  the  other  cervicals 
were  biconcave,  and  this  was  the  case  also  with  the  vertebrae 
of  the  trunk  and  tail.     The  articular  faces  of  the  cervicals  are 

♦This  Journal,  vol.  xviii,  p.  504.  Dec,  1879. 
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incliDed,  showing  that  the  neck  was  curved.  The  anterior 
cervical  ribs  were  coossified  with  the  centra,  as  in  Birds.  Fig- 
ures 1,  la  and  16,  Plate  X,  represent  a  cervical  vertebra  from 
near  the  middle  of  the  neck.  The  cavities  in  the  cervicak  are 
connected  with  the  soutide  by  comparatively  large  pneumatic 
openings.  The  neural  c^nal  is  very  large,  and  traces  of  tbe 
neuro-central  suture  are  distinct. 

The  dorsal  vertebrae  of  Codurus  are  much  shorter  than  the 
cervicals.  The  centra  have  a  deep  cup  in  front,  and  a  shallow 
concavity  behind.  These  articular  faces  are  nearly  at  right 
angles  to  the  axis  of  the  trunk.  The  neural  spine  is  elevated, 
and  compressed.  The  transverse  processes  are  elongate.  The 
ribs  preserved  have  undivided  heads.  A  posterior  dorsal  is 
represented  in  Plate  x,  figures  2,  2a  and  26.  Tbe  suture  of  the 
neural  arch  is  distinct  in  this  specimen.  The  foramina  leading 
to  the  cavities  in  the  dorsal  vertebras  are  quite  small. 

The  caudal  vertebrae  are  elongate,  and  very  numerous 
They  are  all  biconcave,  and  all  appear  to  have  been  without 
chevron  bones.  An  anterior  caudal  is  figured  in  Plate  X, 
and'  the  accompanying  section  shows  the  inner  structure.  In 
most  of  the  caudals,  the  neuro-central  suture  has  entirely 
disappeared. 

Taking  the  vertebral  column  of  Coehirus  as  a  whole  it  clearly 
indicates  a  large  and  powerful  neck,  a  trunk  of  moderate  size, 
and  a  very  long  weak  tail.  So  far  as  the  vertebrae  suggest 
anything  in  regard  to  the  limbs,  those  in  front  should  be  as 
large  or  larger  than  those  behind,  as  in  Pterodactyls,  and  not 
the  reverse,  as  in  animals  that  leap. 

The  characters  given  above  prove  conclusively  that  Ccelurm 
cannot  be  placed  in  any  known  order.  Its  remains  preserved 
suggest  resemblances  to  Dinosaurs,  to  Pterodactyls,  and  more 
remotely  to  Birds,  and  it  is  apparently  a  generalized  Sauropsid, 
which,  when  fully  investigated,  may  serve  to  bridge  over  some 
of  the  present  breaks  in  the  lines  of  descent.  The  sum  of  its 
known  characters  indicates  that  it  is  a  reptile  and  not  a  bird. 
Its  structure  so  far  as  known  presents  more  similarity  to  that 
of  Dinosaurs,  than  Pterodactyls,  but  for  its  nearer  affinities 
we  must  await  the  discovery  of  further  remains.  An  arboreal 
Dinosaur  would  not  surprise  anatomists  familiar  with  the 
marvelous  diversity  of  forms  in  that  comprehensive  group  of 
reptiles. 

The  order  represented  by  the  remains  here  described  may 
be  termed  Gceluna^  and  the  family,  Coeluridve^  from  the  type 
genus  Coelurus.  The  remains  now  known  are  all  from  the 
Atlantosaurus  beds  of  the  upper  Jurassic  of  Wyoming 
Territory. 

Yale  College,  New  Haven,  March  14th,  1881. 
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Klui'RK  I. — Orvical  vcrtebni  o!  Caiuriu  !r<iyi(ia  JjHrsli:   I 

side  view;   16.  transverse  section  of  same  vertebra. 
FrouBK  'i. — Doreal  verla)>ru  of  Ctdiirwt  friiyili« :  front  vieiv. 

ih.  tniDsvenw  wction  of  same. 
FierRE  ;!. — Caudal  vertebra  of  Qdartu  jragilia;  front  view. 

3*.  trsnsiverne  nectior.  of  same. 
(I.  anterior;  p.  posterior;  c.  cavity;  /,  lateral  forameri;  hc 

POiissifled   rilj;   ».  iiuiiral  spine;   I.  anterior  ^lygai'ophvH 

lygapophyfiH. 

All  the  flf^rex  are  of  tbe  nntiirnl  size. 
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Art.  XLIL — Discovery  of  a  Fossil  Bird  in  the  Jurassic  of 

Wyoming;  by  O.  C.  Marsh. 

The  oldest  Birds  hitherto  known  from  American  strata  are 
e  toothed  forms  {Odontomithes\  from  the  middle  Cretaceous 
posits,  on  the  eastern  flanks  of  the  Rocky  Mountains.  In 
irope,  three  specimens  of  the  genus  Archceopteryx  have  been 
und  in  the  Jurassic,  but  from  older  formations  no  remains  of 
is  class  have  been  brought  to  light  The  writer  has  made  a 
.reful  search  for  fossil  Birds  in  the  Jurassic  beds  of  the  West, 
id  has  been  rewarded  by  the  discovery  of  various  remains, 
>me  of  which  are  sufficiently  characteristic  for  determination. 
he  most  important  of  these  specimens  is  described  below : 

Laopteryx  priscuSy  gen.  et  sp.  nov. 

The  type  specimen  of  the  present  sppcies  is  the  posterior 
3rtion  of  the  skull,  which  indicates  a  bird  rather  larger  than 
Blue  Heron  {Ardea  herodias).  The  braincase  is  so  broken, 
at  its  inner  surface  is  disclosed,  and  in  other  respects  the 
:ull  is  distorted,  but  it  shows  characteristic  features.  The 
)nes  of  the  skull  are  pneumatic.  The  occipital  condyle  is 
ssile,  hemispherical  in  form,  flattened  and  slightly  grooved 
)ove.  There  is  no  trace  of  a  posterior  groove.  The  foramen 
agnum  is  nearly  circular,  and  small  in  proportion  to  the 
)ndyle.  Its  plane  coincides  with  that  of  the  occiput,  which  is 
ightly  inclined  forward.  The  bones  around  the  foramen  are 
rmly  coossi6ed,  but  the  supra-occipital  has  separated  some- 
hat  from  the  squamosals  and  parietals.  Other  sutures  are 
lore  or  less  open.  On  each  side  of  the  condyle,  and  some- 
hat  below  its  lower  margin,  there  is  a  deep  rounded  cavity, 
erforated  by  a  pneumatic  foramen. 

The  cavity  for  the  reception  of  the  head  of  the  quadrate  is 
val  in  outline,  and  its  longer  axis,  if  continued  backward, 
ould  touch  the  outer  margin  of  the  occipital  condyle.  This 
ivity  indicates  that  the  quadrate  had  an  undivided  head.  The 
•aincase  was  comparatively  small,  but  the  hemispheres  were 
ell  developed.  Ihey  were  separated  above  by  a  sharp  mesial 
est  of  bone.  A  low  ridge  divided  the  hemispheres  from  the 
>tic  lobes,  which  were  prominent. 

The  following  measurements  indicate  the  size  of  the  specimen  : 

Width  of  skull  across  occiput  (approximate) 24*^ 

Transverse  diameter  of  occipital  condyle, 5* 

Vertical  diameter, _ 4- 

Width  of  foramen  magnum, 6* 

Height, - --- 6- 

Distance   from   occipital   condyle   to  top  of  supi*a- 

occipita], ir 


•mm 
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In  its  main  features,  the  present  specimen  resembles  the  skull 
of  the  Ralitce,  more  than  that  of  any  existing  birds.  Other 
parts  of  the  skeleton  will  doubtless  show  still  stronger  reptilian 
characters. 

In  the  matrix  attached  to  this  skull,  a  single  tooth  was  found, 
which  most  resembles  the  teeth  of  birds,  especially  those  of 
Ichthyornis.  It  is  probable  that  Fxiopteryx  possessed  teeth,  and 
also  biconcave  vertebrae. 

The  specimen  here  described,  and  others  apparently  of  the 
same  species,  were  found  in  the  upper  Jurassic  of  Wyoming 
Territorv,  in  the  horizon  of  the  Atlantosaurus  beda 

Yale  CoUege,  New  Haven,  March  18,  1881. 


Art.  XLIII. — Note  on  American  Pterodactyls;  by  O.  C.  Marsh. 

The  Jurassic  deposits  of  this  country,  up  to  the  present  time, 
have  yielded  only  a  single  species  of  Pterosauria — Pterodactylus 
monUmus  Marsh.*  The  known  remains  are  all  fragmentary, 
but  some  of  them  indicate  the  general  characters  of  the  species 
and  genus.  Among  the  remains  now  in  the  Yale  Museum  are 
portions  of  the  wing  bones,  including  the  characteristic  wing 
metacarpal  and  first  phalanx.  These  bones,  although  pneu- 
matic, show  much  thicker  walls  than  the  corresponding  bones 
of  other  Pterodactyls,  even  those  from  the  same  formation  in 
Europe,  thus  suggesting  a  less  degree  of  specialization.  The 
size  of  these  specimens  indicates  a  spread  of  wings  about  five 
or  six  feet.  The  scapula  and  coracoid  do  not  appear  to  have 
been  ankylosed.  The  vertebrae  referred  provisionally  to  this  .; 
species  are  {)rocoelian.  The  teeth  found  near  the  remains, 
and  apparently  belonging  with  them,  are  elongate,  and  more 
rounded  than  in  most  Pterodactyls. 

The  genus  represented  by  these  remains  appears  to  be  dis- 
tinct from  Pterodactylns,  and  may  be  termed  DermodactyJus. 
The  only  known  species  will  hence  be  Dermodactylus  montanus. 

Amkricax  Cretaceous  Pterodactyls. 

The  reprej^entatives  of  the   Pterosauria  from  the  Cretaceous 
of  this  country  all  appear  to  be  destitute  of  teeth,  and  have 
therefore  been  placed  by  the  writer  in  the  new  order  Pieram- 
dontia^  from  the  type  genus  Pteranodon.     These  are  mostly  of 
gigantic  size,  some  having  a  spread  of  wings  of  nearly  or  quite 
twenty-five  feet.     These  reptiles  have  one  remarkable  feature 
in  the  skeleton,  unknown  in  anv  other  animals.     To  aid  the 

»  This  Journal,  vol,  xvi,  p.  233,  Sept.  1878. 


0.  (\  Marsh — American  t^teroctdctyh*  343 

Beerful  wings  in  flight,  the  pectoral  arch  is  strengthened,  (1), 
tlie  anchylosis  of  several  vertebra :  (2)  by  the  robust  scap- 
B  articulating  on  opposite  sides  of  the  common  neural  spine 
these  vertebrae.*  This  is  virtually  a  repetition  of  the  pelvic 
jh,  on  a  much  larger  scale.  One  genus  of  American 
«taceous  Pterodactyls  {Nyctodaciylus)  was  apparently  with 
t  this  feature.+ 

In  the  same  geological  horizon  with  the  gigantic  forms 
teranodon  beds),  the  remains  of  a  single  small  Pterodactyl 
ve  been  found.  This  animal  was  more  diminutive  than  the 
rassic  species,  having  a  spread  of  wings  not  more  than  three 
four  feet.  The  jaws  were  proportionally  more  slender  than  • 
the  larger  Cretaceous  species,  and  no  teeth  have  been  found 
th  th*»m.  The  humerus  had  a  small  head,  and  an  enormous 
iial  crest,  which  curved  downward.  The  scapula  and  cora- 
id  were  firmly  ankylosed.  Some  of  the  trunk  vertebrae 
ve  very  long  transverse  processes,  or  ankylosed  ribs,  curved 
ickward.     Some  dimensions  of  this  specimen  are  as  follows : 


mm 


Length  of  humerus, 62 

Greatest  diameter  of  bead, 12 

Transverse  diameter  across  radial  crest, 30 

Greatest  diameter  of  distal  end,    16 

Vertical  diameter  of  humeral  glenoid  cavity, 13 

Transverse  diameter, 6 

This  species  may  be  called  Pleranodon  nanics.  Its  known 
imains  were  found  by  Mr.  S.  W.  VVilliston,  in  the  Middle 
netaceous  of  Western  Kansas. 

fale  Ck>llege,  New  Haven,  Conn.,  March  2l8t,  1881. 

"This  peculiar  neural  spine  with  its  opposite  articular  facets  seems  to  be 
Bent  also  in  some  of  the  Knglish  Cretaceous  Pterodactyls.  Owen  figured  and 
cribed  it  as  a  "frontal  bone(?r,  (Pal.  Soc.  1851,  Sup.  1,  p.  12,  Plate  IV,  figs. 
and  8),  and  Seeley  regarded  it  as  a  "?  vomer."  (Omitbosauria,  p.  88,  Plate 
.  figs.  15  and  16.) 

The  name  Nyctosaurus,  applied  by  the  writer  to  this  group,  appears  to  have 
I  preoccupied,  and  hence  may  be  replaced  by  Nyctodaciylus.  The  only  species 
VD  is  Nyctodactylua  gracHia. 
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RT.    XLIV. — 0)1  the  Action  of  Frost  in  the  arrangement  of 
suptrjicial  earthy  material;  by  Professor  W.  C.  Kerr. 

To  a  foreign  geologist,  entering  the  Middle  and  South  At- 
ntic  States  for  the  first  time,  a  hundred  miles  or  more  from 
le  coast,  the  most  striking  and  novel  feature  of  the  geology  is 
le  great  depth  of  earth  which  almost  everywhere  mantles  and 
}nceals  tlie  rocks.  This  is  readily  discovered  to  be,  for  the 
lost  part,  merely  the  result  of  the  decomposition  in  situ  of  the 
xpsed  edges  of  the  underlying  strata.  The  vertical  and 
ighly  inclined  bedding  lines  of  these  strata, — Archaean  schists, 
neisses  and  slates, — are  distinctly  traceable  by  the  eye  through 
lis  superficial  earth-covering,  and  are  seen  to  pass  by  insen- 
ible  gradations  into  the  undecayed  rock  beneath.  Its  depth 
aries  from  a  few  feet  to  twenty  or  thirty,  and  sometimes  twice 
hat  and  more,  being  usually  greatest  on  the  slopes  of  the  hills. 

So  much  is  obvious,  to  the  most  casual  observation,  in  the 
ailroad  cuts,  and  in  the  gullies  by  the  roadside.  But  a  more 
linute  and  systematic  study  of  these  superficial  earths  soon 
hows  that  the  matter  is  not  nearly  so  simple  and  easily  ex- 
•licable.  It  very  soon  becomes  evident  to  the  careful  observer 
hat  there  are  in  fact  three  kinds  of  earthy  layers,  each  having 

different  structure  and  origin.  Their  usual  color  is  brick- 
ed to  brown  of  various  shades,  from  the  oxidation  of  the  iron- 
bearing  minerals. 

The  banded  structure  of  the  original  rocks,  above  referred  to 

s  characteristic,  being  marked  by  difference  in  color  and  com- 

KDsition,    according  to  the  varying  lithological  and  chemical 

ODstitution  of  the  underlying  strata,  does  not  reach  the  sur- 

Am  Jour  Sci.— Third  Sbribs,  Vol.  XXI,  No.  126.— Mat,  1881. 

93 


846 


W.  C.  Kerr — Action  of  Frost  in  the 


face,  but  fails  at  the  depth  of  four  or  five  to  eight  or  ten  feet 
or  more,  the  materials  above  this  being  quite  homogeneoua 

This  thin  top  layer  is  well  nigh  universal,  and  always  recog- 
nizable. A  little  attention  suffices  to  show  that  it  owes  its  dif- 
ference in  structure  and  appearance  to  the  penetration  and  the 
mechanical  and  chemical  action  of  the  roots  of  forest  treea 
The  mechanical  action  of  these  roots  has  broken  up  and  oblit- 
erated the  lines  of  bedding  and  commingled  the  different  mate- 
rials, and  their  chemical  action,  living  and  in  decay,  has 
changed  their  composition  and  color,  sometimes  bleaching  the 
whole  mass  in  a  degree  which  decreases  with  the  depth,  and 
not  unfrequently  in  a  very  irregular  manner,  so  that  a  section 
presents  a  pied  surface, — red,  of  various  shades,  mingled  with 
splotches  of  a  gray,  or  pipe-clay  color. 

A  second  division  of  the  superficial  beds  in  question  under- 
lies (or  replaces)  the  preceding,  but  is  much  less  extensive, 
being  found  chiefly  on  the  hill  slopes  and  occasionally  arching, 
in  thinner  mass,  over  the  tops  of  flattish  ridges  and  swells.  It 
is  found  throughout  the  hill  country  and  the  mountain  section 
of  the  State,  being  most  conspicuous  in  the  Piedmont,  and  pass- 
ing, eastward,  insensibly  into  the  Quaternary  deposits.  The 
thickness  varies  from  a  few  inches  to  twenty,  thirty  and  even 
fifty  feet,  and  the  beds  are  very  irregular  in  form.  Tnese  depos- 
its are  best  developed  and  may  be  most  successfully  studied 
in  the  gold  gravels  or  placer  beds  of  the  State  ;  but  their  struc- 
tural features  may  be  seen  in  the  railroad  cuts  almost  every- 
where. 

This  division  is,  in  general,  readily  distinguishable  from  the 
underlying  mass,  first,  by  a  complete  obliteration  of  the  bed- 
ding lines  and  by  a  sharp  line  of  separation,  and  secondly, 
(from  both  the  other  divisions)  by  a  thorough  commingling 
and  a  more  or  less  obvious  (if  generally  partial)  rearrange- 
ment of  its  materials, — an  obvious  tendency  to  restratification^  in 
an  approximately  horizontal  direction.  This  generally  con- 
sists merely  in  an  aggregation  of  the  coarser  materials  of  the 
beds  toward  the  bottom,  or  along  certain  horizontal  lines. 

This  and  other  features  of  these  beds  will  be  best  under- 
stood from  a  few  diagrams.     Figure  1  represents  a  section  seen 

1.  2. 


in  a  railroad  cut  near  Ilenrv  Station,  not  far  from  the  eastern 
base  of  the  Blue  Ridge  in  McDowell  County.     We  have  here 
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a  maaa  of  earth  with  fragments  of  rock,  mostly  quartz,  of  vari- 
ous sizes,  in  a  nearly  homogeneous  accumulation,  with  scarcely 
a  discernible  arrangement.  Figure  2  represents  a  »imilar  de- 
posit of  much  less  depth,  in  a  railroad  cut  at  Gary,  near  Ra- 
I«gh;    and   figure  8,  one  near  Rockingham,   in  Richmond 


m^ 


County,  the  last  two  near  the  margin  of  the  Quaternary  depos- 
its. In  figure  4,  from  the  same  locality  as  figure  1,  we  have 
an  accumulation  of  coarser  and  more  heterogeneous|niaterial3. 
In  the  three  former  cases,  there  was  simply  earth  with  small 
fraf^ments  of  quartz ;  in  the  latter,  besides  quartz  fragments 
and  bowlders  a  yard  in  diameter,  fragments,  large  and  small, 
of  gneiss  and  hornblende  slate  and 
other  underlying  rocks.     In  figure  ^ 

5  the  deposit  is  shown  as  capping 
the  summit  of  a  hill,  a  phenom- 
enon of  not  uncommon  occurrence 
in  the  Piedmont  region :  the  sec- 
tion here  shown  is  found  near  Old  Fort,  in  the  upper 
Catawba  Valley.  In  this  and  in  figure  6,  two  points  are 
illustrated,  viz :  the  partial  arrangement  of  the  materials,  the 
accumulation  of  the  larger  fragments  and  pebbles  toward  the 


bottom  of  the  beds,  and  along  certain  horizontal  planes, 
and  the  complete  independence  of  these  deposits  on  the 
lorm  of  the  surface  on  which  they  lie.  They  also  illustrate 
another  important  point,  viz  :  that  the  present  topography  of 
the  SQrface  is  the  result  of  an  extensive  erosion,  suhsf.quei\t  to  the 
acatmulalicm  of  these  deposits,  so  that  the  hills  and  valleys  of 
the  present  and  the  subjacent  topography  have  often  changed 
places,  and  these  present  deposits  are  mere  remnants  of  much 
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larger  and  wider  accumulations  which  once  filled  up  the  val- 
leys and  mantled  over  the  hills  and  oblitera.ted  the  features  of 
a  former  topography.     This  conclusion  is  abundantly  attested 

by  numerous  observations. 

Figure  7  brings  out  another  common  feature, — the  occor- 
rence  of  periods  in   the  deposits,  or  of  several  deposits  one 
upon  another.     This  section  is  taken   from  a  gold  placer  in 
Brindletown,  Burke  County,  near  Morganton,  at  the  foot  of  a 
,  little  mountain,  called  the  Pilot,  the  lower 

slopes  of  which,  next  the  valleys  and  streams, 
are  covered  with  placers  of  varying  depth, 
up  to  fifty  feet  The  same  thing  is  shown 
in  another  placer  mine  on  the  same  side 
of  the  mountain,  a  section  of  which  is 
^''  given  in  figure  8.  The  division  between 
the  successive  beds  at  this  point  is  not 
as  sharp  as  represented  in  this  diagram, 
although  in  many  cases  they  are  so.  The  lowest  stratum 
(1)  which  lies  on  the  decomposed  gneiss  and  mica  schist 
(the  slate  of  the  miners),  is  a  four  to  five  foot  stratum  of 
slightly  rounded  quartz  fragments  of  an  inch  or  two  to  six 
inches  In  diameter,  the  interstices  filled  with  gravel  and  earth. 


— a  coarse  half-compacted  conglomerate,  which  gives  place, 
upward,  to  a  bed  of  gray,  or  usli-colored  eartliy  clay  (2),8ix 
or  eight  feet  thick,  above  which  lies  twenty-five  to  thirty  feet 
of  red  gravelly  earth  (3).  with  a  few  smalt  scattered  quartz 
fragments. 

Figure  9  represents  another  similar  deiwsit  half  a  mile  dis- 
tant from  the  last,  the  .section  beinir  taken,  as  were  the  last  two, 
in  the  gold  mines  of  Col.  J.  C.  Mills,  the  last  at  the  easlera 
base  of  the  Pilot,  and  at  a  somewhat  lower  level.  The  two 
lower  division  lines,  in  this  ease  also,  are  a  little  too  sharp, 
the  only  distinct  breach  of  continuity  being  found  between  the 
strata  c  and  d:  a  and  b  shaiiing  into  each  other,  somewhat  ab- 
ruptly, and  so  b  into  c  In  this  section  a  and  e  corresi>ond  to 
1  and  2  of  figure  8,  b  being  an  interpolation,  and  furnishing 
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the  explanation  of  the  bed  2.  This  interpolated  bed  is  a  peaty, 
black,  gravelly  soil,  with  blackened  stems  and  bark  of  trees 
and  fragnnents  of  wood  and  grass  blades,  roots  and  stems. 
The  bleaching  of  bed  2,  figure  8,  and  of  c,  figure  9,  is  evi- 
dently due  to  the  solvent  action  of  the  humous  acids  from  the 
old  soils  of  the  slopes  from  which  this  deposit  came. 

Figure  10  is  a  section  in  a  railroad  cut  near  Statesville  in 
Iredell  County,  which  shows  two  muck  beds  a,  a,  in  contigu- 


ous depressions  which  have  been  buried  deeply  by  earthy  ac- 
cumulations, which  show  only  a  slight  tendency  to  stratification, 
in  the  apparent  settling  of  the  quartz  fragments. 

Now  in  none  of  the  foregoing  sections  is  there  any  indica- 
tion of  a  proper  stratification  by  the  action  of  water.  Indeed 
it  is  clear  enough  that  the  action  of  water  is  excluded  by  the 
most  obvious  features  of  these  deposits.  It  is  proper  to  say 
here,  however,  that  there  are  deposits  here  and  there,  which 
do  show  traces  of  such  stratification ;  and  occasionally,  in  cer- 
tain situations,  deposits  like  those  above  described,  in  some 
parts  of  them,  show  slight  and  partial  indications  of  water 
action.  These,  however,  are  exceptional,  and  constitute  a 
class  by  themselves,  and  need  not  detain  us  here. 

The  diagrams  above  given  represent  the  general  character  of 
hundreds  of  sections  to  be  seen  along  any  of  our  railroads. 
They  offer  no  hint  or  suggestion  as  to  the  origin  of  these  de- 
posits, the  cause  or  mode  of  their  formation.  The  most  fre- 
quent and  conspicuous  of  these  phenomena  are  seen,  as  stated 
above,  in  the  Piedmont  The  railroads  of  necessity  follow 
the  course  of  the  river  vallevs,  and  the  sections  are  conse- 
quently  those  of  the  lower  ends  of  the  jutting  hills  and  spurs 
which  slope  down  into  the  margins  of  the  plains:  that  is, 
they  are  transverse  sections  of  these  ridges  and  slopes.  It 
goes  without  saying,  that  the  arrangement  of  the  materials  of 
these  deposits,  the  settling  of  the  heavier  elements,  can  only 
have  occurred  in  consequence  of  some  sort  and  degree  of 
movement  of  the  mass.  It  is  equally  evident  that  such  move- 
ment, whatever  its  cause,  must  have  been  in  the  direction  of 
the  slope  of  the  surfaces  on  which  they  lie,  that  is,  at  right 
angles  to  the  usual  plane  of  section.  And  it  is  only  by  observ- 
ing the  relation  of  the  arrangement  or  settling,  to  the  situa- 
tion on  the  slope,  and  by  studying  this  arrangement  at  different 
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elevations  along  the  line  of  movement  that  a  clew  to  their 
origin  could  be  had.  The  gold  mines,  at  different  elevations 
near  the  base  of  the  Pilot,  furnished  the  opportunity  for  sncb 
comparison.  It  was  thus  seen  that  the  aistribution  of  the 
materials  of  these  deposits  at  their  upper  portions  is  represented 
by  figures  1,  2  and  4 ;  at  a  lower  point  by  figures  S,  6,7  ;  and 
still  lower  by  8,  9.  That  is  to  say,  a  longitudinal  section,  down 
the  slope,  would  be  e>:pressed  by  figure  11.  Above,  toward  the 
left  of  tLe  figure,  the  angular  fragments  of  rock  are  distributed 
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through  the  mass,  but  they  are  seen  to  descend,  and  to  accu- 
mulate with  the  descent,  toward  the  floor  of  the  deposit  nnd 
to  become  more  rounded.  It  may  be  stated  here  that  the 
coarse  |)artieles  of  gold  in  these  placers  are  found  with  thf 
pebbles, — gravel,  and  where  these  have  accumulated  at  the 
bottom,  only  this  ]iart  of  the  deposit  is  usually  wrought,  unless 
water  is  abundant;  but  at  higher  levels,  where  the  gravel  is 
scattered  through  the  mass,  the  coarse  gold  is  equally  diffused. 
The  movement  down  hill  then  is  evident,  and  the  degree  of 
arrangement  or  settling  is  proportioned  to  its  amount.  Of 
oour.ie  the  first  suggestion  that  occurs,  on  this  presentation  of 
facts,  will  be  that  gravitation  may  have  given  rise  to  the  mo- 
tion. But  this  theory  would  not  be  entertained  for  a  moment 
by  one  familiar  with  the  actual  sections.  These  deposits  oc- 
cupy the  lower  .-ilopes  of  the  bills,  just  where  they  meet  the 
plains,  the  inclination  varying  from  two  or  three  to  ten  and 
rarely  twelve  degrees.  This  is  obviously  quite  insufficient 
to  give  rise  to  any  sensible  movement  from  gravitation.  Such 
movements  of  loose  earth  and  stones  do  occur,  but  only  on 
steep  slopes  of  40°  and  upward  ;  and  such  accumulations  are 
not  uiiconunon  at  the  foot  of  steep  declivities;  but  these  are 
distinguishable  at  a  glance  from  the  deposits  in  question. 
And  further,  in.stanees  arc  not  unfrequent  of  the  movement  of 
these  deposits  ou  a  dead  level,  and  even  up  hill,  over  local  ob- 
structions or  irregularities  of  surface. 
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The  following  diagrams  illustrate  these  points,  and  show  the 
grounds  on  which  the  tbeorj  adopted  for  the  solution  of  the 
problem  of  the  formation  of  these  deposits  rests. 

Fig.  12  represents  a  section  in  a  railroad  cut  near  Morgan- 
lOD,  which  gave  the  first  hint  of  the  true  theory  of  the  origin 
of  these  heds;  and  fig.  13  is 
a  similar  section    ten   miles  lo- 

west of  the  former,near  Muddy 
Creek  bridge,  Tn  both  these 
cases  the  vein  (shown  at  a) 
is  distinctly  seen  to  be  the 
source  of  the  jointed,  rhom- 
boidal  quartz  fragments  which  are  scattered  along  the  fioor  of 
the  deposit  toward  the  right  hand  end  of  the  diagram,  a  dis- 
tance of  one  to  several  rods. 

Fig.  14  represents  the  opposite  side  of  the  same  railroad  cut 
as  fig.  12.  in  this  the  fragments  are  scattered  right  and  left 
from  the  vein. 

Fig.  16  is  a  similar  section  from  a  railroad  cut  in  Richmond 


countjr,  near  the  Peedee  river     In  this  case  a   large  quartz 

vein  in   a  chloritic  argillaceous  slate  has  been  broken  down 

by  the  denudation  wliich  the 

rocks  have  undergone,  and  its  u. 

fragments  have  been  carried 

to  the  left  and  have  settled 

part  way  through  the  moved 

mass,   the    upper   portion   of 

which  has  been  removed  by 

subsequent  erosion. 

Fig,  16  represents  the  first 
stages  of  movement  across  a 
small  vein.  This  is  a  quartz  vein  seen  in  section  in  a  gold  mine 
on  the  slopes  of  the  South  Mountains,  near  Brindletown.  The 
thin-bedded,  soft,  decomposed  mica  schists  are  intersected  by 
numerous  small  veins  and  seams  of  a  granular  (saccharoidal) 
quartz,  varying  from  a  usual  thickness  of  one  to  three  inches 
(occasionally  lour  to  six)  down  to  a  mere  line.     These  thin 
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veins  and  seams  are  so  numerous  in   places,  and  contain  so 
much  free  and  loose  gold  in  the  crevices  and  on  the  walls  that 


it  ia  profitable  to  sluice  down  the  whole  mass.     The  quartz  i» 

also  rich  enough  for  milling,  yielding  from  ten  to  forty  dollata 
to  the  ton.  Other  illustrations  of  these  veins  may  be  seen 
from  the  same  mine  in  figs,  19  to  21. 

It  is  clear,  then,  that  these  deposits  were  not  accumulated 
by  the  action  of  water,  nor  by  gravitation ;  and  they  present 
none  of  the  features  by  which  glacial  deposits  are  usually 
recognized.  No  precisely  parallel  phenomena  seem  to  have 
been  obsei-ved  elsewhere,  or  they  are  not  recorded.  And  thej 
remained  an  enigma  to  me  for  several  years ;  and  until  such 
sections  as  shown  in  figs.  12  to  16  were  discovered  and  studied. 
In  these,  and  in  those  subsequently  found  in  the  gold  placers, 
the  character  and  amount  of  movement  were  clearly  revealed. 

The  explanation  which  these  facts  have  suggested,  and  which 
subsequent  observation  in  this  State  and  in  other  States  has 
fully  confirmed,  is  that  the  movement  in  question,  to  which 
the  gradual  settling  of  the  heavier  particles  and  fragments 
througli  the  mass  is  due,  was  produced  by  froal,  and  that  these 
deposits  are  of  glacial  age.  As  the  earth  is  often  frozen, 
in  Canada  and  even  in  Vermont,  during  severe  winters  lo  a 
depth  of  eight  or  ten  feet :  and  as  in  Labrador  and  other  sub- 
arctic regions  the  frost  of  the  present  winters  penetrates  !«  a 
much  greater  depth,  so,  it  is  evident,  that  during  the  preva- 
lence of  the  great  ice  sheet  over  the  northern  end  of  the  conti- 
nent, as  far  down  as  Pennsylvania,  and  the  prevalence  of  an 
arctic  climate  in  these  middle  latitudes,  the  earth  was  annu- 
ally frozen  to  a  depth  equal  to  the  maximum  thickness  of  these 
deposits.  The  alternate  freezing  and  thawing  of  the  saturated 
mass  of  decayed  rocks,  constituting  the  pre-glacial  surface, 
would  of  necessity  produce  iust  the  movement  and  settling 
which  are  described  above.  That  is,  this  freezing  and  thawing 
would  give  rise  to  precisely  the  same  movements  of  the  masi 
and  of  the  particles  inter  xe,  as  are  seen  to  occur  in  the  true 
glacier,  iliffering  only  in  amount  In  other  words,  these  masses 
were  earih  glaciers,  and  these  deposits  may  be  denominated 
Jrosl  drift,  as  distinguished  from  proper  glacial  drift 
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I  do  not  see  how  these  conclusions  can  be  avoided.  It  seems 
ident  that  such  phenomeDa  must  have  occurred  during  the 
evalenee  of  cold  of  the  intensity  which  an  admitted  arctic 
imate  must  have  produced.  And,  if  so,  similar  effects  must 
;  produced  in  arctic  climates,  and  to  some  extent  in  the  high 
titudes  of  climates  less  intense,  to-day.  And,  if  so,  too,  simi- 
r  phenomena  may  be  expected  to  be  found  in  regions  farther 
)rth,  produced  during  the  retreat  of  the  ice  when  these 
^ons  were  successively  subjected  to  the  same  degree  of  cold. 
tf  course  these  effects  would  be  visible  only  in  exceptional 
icalities,  where  the  surface  was  not  buried  under  glacial 
.ebris,  and  where  the  exposed  rocks  were  capable  of  compara- 
iTely  rapid  disintegration.  And,  in  fact,  I  have  seen  in 
'hiladelpnia  and  vicinity,  phenomena  which  plainly  come 
inder  this  class.  Daring  the  Centennial  Exhibition,  Market 
treet  was  extended  westward  a  square  above  Forty-fourth 
treet,  and  a  hill  of  some  twenty  feet  was  brought  to  grade  in 
be  process.  Happening  to  pass  during  the  excavation,  I  took 
sketch  of  the  exposed  section,  which  is  given  in  fig.  17.    The 


ock  is  gneiss  and  mica  schist  with  hornblendic  and  chloritic 
trata,  inclined  at  a  high  angle,  and  decomposed,  for  the  most 
art,  the  entire  depth  of  the  cut.  presenting  a  banded  section 
if  variously  colored  earths.  The  most  striking  and  novel 
jeculiarity  of  this  section  is  shown  in  the  sketch,  viz :  the 
indual  drawing  out, — attenuation  of  theso  colored  bands,  as 
;he  parts  of  them  in  succescion  were  moved  down  the  slope. 
Phis  nection  furnishes  a  new  illustration  of  the  character  of 
;he  relative  motion  of  the  different  parts  of  the  massj. 

As  the  thickness  of  the  deposit  at  this  point  is  not  more 
ihan  three  to  four  feet,  and  there  was  no  reason  to  suppose  any 
recent  or  rapid  denudation,  the  probability  is  strong  tnat  it  is 
)f  recent  {pi-esenl)  origin,  tiie  existing  climate  of  Philadelphia 
being  equal  to  the  production  of  such  effects.  Fig.  18  repre- 
«nt3  a  similar  section  in  a  drift  of  a  mica  mine  in  Yancey 
County,  this  State,  near  the  base  of  the  Black  Mountain. 
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AmoDc;  the  inferences  {roin  the  above  conclusion,  in  the  wty 
of  a  corollary,  is  this  important  one,  that  the  deep  decompoaitioB 
ig  of  the  rocks  of  these  latitndes  haa 

been  effected  entirely  in  poat-gi 
times,  since  the  movement  oft 
earth  glaciers  would  sweep  awaj 
every  thing  movable,  down  to  tM 
solid  rock ;  and  the  frost  was  saffi' 
cient  to  carry  the  movement  to  tlu 
greatest depthsofpreviousdecomposition.  And  thisconclusioi 
IS  confirmed  by  two  observations  ;  first,  that  the  force  whici 
was  sufficient  to  remove  the  bowlders  and  rock  fragments  which 
often  constitute  the  lower  portion  of  these  deposits — frequeollf 
of  several  tons  weight,  would  abrade  and  remove  every  thini 
but  the  solid  rock;  and  second,  that  the  irregular  form  whia 
the  floor  of  these  deposits  often  exhibits,  as  seen,  for  examplei 
in  fig.  13,  cori'esponds  to  the  unequal  decomposition  of  the  dif- 
ferent strata  of  these  very  variable  schistose  rocks.  This  of 
course  excludes  any  theory  like  that  sometimes  broached, 
which  undertakes  to  account  for  this  phenomenon,  by  invoking 
the  action  of  a  pa1eii>val  atmosphere  surcharged  with  c^rbooie 
acid. 

As  already  stated  incidentally,  the  gold  gravels,  or  placea^ 
of  this  State,  of  which  there  are  several  hundred  square  mii««. 
belong  to  this  class  of  frost  drifts.     The  miners  m  these  de- 

Eosits  usually  wash  only  the  lower  stratum  of  "gravel,"  or  peb- 
les,  which  lies  against  the  bed  rock,  or  slate,  together  with  an 
inch  or  two  of  the  surface  of  this  slate  on  which  the  coaraer 
gold  particles  are  lodged.  Tlie  gold  and  the  quartz  pehbles 
are  derived,  as  above  indicated,  from  thin  veins  and  striagi 
which  penetrate  the  more  thin-bedded  mica  schists.  As  these 
disintegrated  and  broken  down  and  moved,  in  the  raaniw 


uKt  described,  or  abraded  and  swept  down  by  floods,  t 
pebbles  with  the  coarser  gold  are  collected  either  in  the  man- 
ner described,   or  in  the  lieds  of  the  streams.     Examples  (A  j 
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these  reins  are  stowD  in  gg.  19,  wbicfa  represents  &  common 
aspect  of  them  in  section,  in  the  mines  previously  alluded  to, 
id  which  the  veins  themselves  and  the  including 
mass  of  decomposed  rock  are  sluiced  down  and 
washed  just  like  a  placer.  In  fig.  20  a  vertical 
section  of  20  feet  of  a  single  vein  of  this  descrip- 
tion which  is  a  thiti  sheet  of  quartz,  of  au  inch 
and  less  in  thickness,  yet  rich  enough  to  have 
been  followed  to  a  depth  of  20  and  30  feet 
for  many  rods.  Fig.  21  represents  the  floor  of 
another  mine  at  the  same  locality,  in  which 
several  such  thin  sheet-veins  are  wrought  in  one 
cut,  the  vein-matter  being  reduced  to  nothing  at 
certain  points,  leaving  a  mere  joint  or  fissure 
plane. 

In  fig.  22  the  relation  of  the  placers  to  the 
topography,  and  of  both  to  the  governing  geo- 
logical conditions,  are  exhibited.  This  diagram  represents  an 
ideal  section  southeast  and  northwest,  transversely  to  the  strike, 
across  two  of  the  richest  and  moat  noted  gold  valleys,  separated 
by  the  Pilot,  already  familiar  to  us  ;  these  are  the  valleys  of 
Silver  Creek  and  Muddy  Creek, 
known  as Brindletown  and  Bracket- 
town.  The  Pilot  and  the  ridee  of  ■ 
the  South  Mountains  (the  left  in 
the  section),  owe  their  existence  to 
the  harder  and  heavier  bedded  gneisses  of  which  they  are 
composed,  while  the  valleys  have  been  scooped  out  of  the 
softer  and  thin-bedded  raica  schists  and  nydromicaceous 
rocks,  which  are  also  more  abundantly  veined.     It  is  an  old 


observation  of  the  practical  miners,  that  the  gold  deposits 
occur  only  on  the  east  (and  south)  slopes  of  the  mountains, 
while  the  opposite  slopes  are  comparatively  barren.  The 
reason  is  obvious  from  an  inspection  of  the  diagram.  The 
thicker  bedded  rocks  have  fewer  veins,  and  the  southeast 
slopes  are  the  long  ones,  while  those  opposite  are  steep  and 
short;  and  much  the  larger  part  of  the  abraded  vein-bearing 
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masses  have  been  removed  from  the  space  above  these  long 
slopes. 

It  has  already  been  stated  that,  as  shown  by  the  most  obvi- 
ous features  of  these  deposits,  they  have  been  much  more  ex- 
tensive than  at  present.  In  some  cases,  over  considerable 
spaces,  the  deposit  has  been  entirely  removed  by  denudation, 
leaving  only  the  floor  covered  with  a  layer  of  quartz  pebbles 
ind  angu  a   fragments,  and  the  gold    n  the  present  soil  within 


reach  of  t  M  n     of  t!  e  richest  gold  washings  of 

tiiis  slate  of  des     pt  on,  and  farms,  gardens, 

yards  ani.     h         e    of       uses  h     e  been  sluiced  away,  and 
thousatids.  of  dollars  per  acre  obtained  from  soils  that  bad  been 
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ultivated  for  generations,  in  ignorance  of  their  mineral  riches, 
jarge  tracts  of  this  character,  hundreds  of  acres  in  extent,  are 
ound  in  the  locality  already  so  often  cited,  the  foot-slopes  in 
he  Pilot  The  annexed  diagram,  figure  23,  of  a  placer  lyinff 
>n  a  swell  of  land  between  those  regresented  in  figures  8  and 
\  illustrates  this  point.  The  whole  surface  of  this  flat  swell, 
?hich  is  nearly  half  a  mile  in  width,  is  covered  with  the 
[uartz  fragments  of  the  old  bed  gravel  of  an  enveloping  placer, 
irhich  has  been  entirely  abraded,  leaving  its  quartz  ana  gold 
[1  the  soil,  with  the  exception  of  the  fantastic  bifurcated  strip 
een  in  the  figure,  which  evidently  was  preserved  from  abra- 
ion  by  the  furrow  which  the  moving  mass  had  plowed  a  little 
eeper  along  this  line.  The  thickness  of  this  strip  increases 
rom  a  few  inches  at  the  top  to  more  than  ten  feet  below  the 
iDgular  golden  cascades  represented  on  the  two  arms.  Hap- 
pening to  be  present  while  the  last  of  this  curious  placer  was 
T-orked  out,  I  was  able  to  catch  and  sketch  its  peculiar  features. 
?hi8  small  remnant  of  an  extensive  deposit  preserves,  as  shown 
n  the  sections,  at  A — A  for  example,  all  the  characteristics  of 
uch  drifts, — a  dense  bed  of  coarse  "gravel,"  of  angular  quartz 
ragments,  at  bottom,  carrying  most  of  the  gold,  and  a  thinner 
md  more  scattered  layer  in  the  middle,  witn  visible  gold  par- 
ticles, and  the  finer  gold  difi^used  through  the  whole  ten  feet 
>f  depth  in  sufficient  richness  to  justify  the  excavation  and 
cashing  of  the  entire  mass. 

The  diagram  (ideal  as  to  its  lower  portion,  and  contracted 
longitudinally),  also  exhibits  the  character  and  origin  of  the 
gold  deposits  in  the  creek  bottoms  of  the  region,  which  were 
extremely  rich  when  first  wrought,  thirty-five  to  forty  years  ago, 
yielding  ten  dollars  a  day  to  the  hand,  with  the  rudest  appa- 
ratus and  most  unskillful  labor.  The  gold  of  these  creek 
gravels,  as  shown  in  the  figure,  was  derived  from  the  placers 
swept  down  from  the  adjacent  slopes. 

And  it  may  be  of  sufficieat  interest  to  justify  the  repetition 
here  of  a  fact  to  which  I  have  recently  called  attention  elsewhere, 
that  these  gravels  are  regularly  worked  over  at  intervals  of  eight 
to  ten  or  twelve  years,  and  at  some  of  the  localities,  on  Silver 
Creek,  for  instance,  they  have  been  re-worked  profitably  half  a 
Jozen  times,  only  the  coarse  gold  being  obtained  each  time  by 
he  rude  appliances  and  methods  used.  The  point  of  interest 
3,  that  the  fine  and  diflFused  and  scale  gold  which  escapes  in 
hese  rough  washings  and  sluicings,  evidently  undergoes  a  pro- 
ess  of  aggregation:  a  fact  which  was  noted  by  Professor 
lieber,  state  geologist  of  South  Carolina,  in  his  geological 
gport  of  that  State,  published  before  the  war,  but  which  seems 
a  have  escaped  due  attention.  This  is  readily  accounted  for  by 
be  considerations  first,  that  gold  is  soluble  in  alkaline  waters; 
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and  second,  that  these  drifts  are  largely  the  debris  of  ball- 
decomposed  feldspathic  gneisses  and  schists,  of  which  the  feld- 
spathic  particles  are  undergoing  kaolinization,  liberating  the 
alkaline  salts,  while  the  silica  attacks  such  fragments  of  organic 
matter  as  happen  to  be  present,  subjecting  whole  trunks  of 
trees  of  more  tnan  a  foot  in  diameter,  to  complete  silicification 
ev^en  while  lying  within  a  few  feet  of  the  surface,  and  facing 
the  drusy  rifts  of  the  wood  with  perfectly  terminated  quartz 
crystals. 

Baleigh,  N.  C,  March  15,  1881. 


* 


Art.  XLV. — Dalts  Observations  on  Arctic  Ice,  and  t/ie  bearing 
of  the  fads  on    Olacial  phenomena  in  Minnesota ;  by  N.  H. 

WiNCHELL. 

Mr.  Ball's  observations  on  the  existing  perennial  ice  in 
northern  Alaska  are  highly  interesting  and  valuable*  at  this 
point  in  the  history  and  progress  of  glacial  theory.     He  de- 
scribes the  region  about  Eschscholtz  Bay  as  made  or  gneissoid 
rock  and  volcanic  breccia,  but  without  attaining  anywhere  ir\ 
the  vicinity  any  greater  height  than  three. or  four  hundred  feet 
above  the  sea.     He  also  states  that  the  formation  of  the  sur- 
rounding country  shows  no  high  land  or  rocky  hills  suited  fox^ 
the  production  of  a  glacier.     In  this  respect  it  is  like  the  inte^ — 
rior  of   North  America,  throughout  the  Western   and   North.    - 
western  States  where  there  is  proof,  now  rarely  questioned,  o 
the  former  existence  of   vast  fields  of  glacier  ice;  and  it  i 
highly  probable  that  the  field   explored  by   Mr.*  Dall   is  a 
epitome,  under  peculiar  and   somewhat  inexplicable  circu 
stances  of  the  vaster  field   which   extended  from  the  Rock 
Mountains  on  the  west  to  the  Alleghanies  on  the  east,  durin 
the  latest  epoch  of  continental  ice,  the  only  important  exce 
tion  being  that  over  the  Continent  the  southern  termination  o 
the  ice  sheet  was  everywhere  invisible,  and  abutted  nowhe 
(in  the  interior)  on  the  ocean  shore  so  as  to  reveal  its  existenc 
The  surface  covering  of  the  ice  was  the  surface  of  the  countr 
and  over  many  miles  north  from  its  actual  termination,  it  su 
ported  a  varied  and  even  rank  vegetation.     Mr.  Ball's  observ 
tions  on  the  **  fossil  glacier"  extending  west  from  Point  Barro 
and  south  as  far  as  Kotzebue  Sound,  seem  to  prove  that  th 
northern  slopes  of  Alaska  are  now  glacier-covered  ;  througho 
the  most  of  which  distance  the  margin  of  the  ice  is  but  occasiori- 
ally  revealed  by  reason  of  the  wave  action  on  the  overlying  drif  1 

*  This  Journal,  xi,  p.  335  and  xii,  p.  104. 
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[n  numerous  places  it  seems  that  the  ice  is  so  far  attenuated 
ihat  the  drift  which  it  brings  forward  is  the  barrier  against  the 
Dcean,  and  in  other  places  the  ice  itself,  underlying  the  drift,  is 
Drought  into  contact  with  the  water  of  the  Arctic  Ocean. 
Without  a  just  conception  of  the  action  of  the  vast  continental 
glacier  of  glacial  times,  it  is  difficult  to  conceive  of  this  ice  in 
notion,  and  Mr.  Dall  believes  it  has  no  motion,  adducing,  how- 
3ver,  only  the  unbroken  condition  of  the  mosses  and  peats  on 
its  surface  to  prove  it.  It  is  to  be  hoped  that  inland  explora- 
tion may  be  made  of  the  glacier  at  Elephant's  Point,  in  order 
to  ascertain  if  it  is  derived  from  some  mountain  source.  It  is 
almost  certain,  if  our  ideas  of  glacier  ice  be  correct,  to  have 
$uch  a  source,  though  its  connection  unbroken  from  the  coast 
bo  the  mountains,  may  be  hid  from  sight  for  miles,  in  the  same 
manner  as  its  east  and  west  flanks  are  hid  by  the  accumula- 
tions on  its  surface.  It  is  also  highly  probable  that  it  will  be 
bund  to  come  in  various  ways  into  contact  with  running 
Beater,  some  of  which  will  bring  upon  it  the  fine  tough  clay 
iescribed  by  Mr.  Dall,  and  in  other  places  will  precipitate  upon 
it,  in  stronger  current,  the  gravel  and  sand,  and  even  some  of 
the  stones  which  he  mentions  as  covering  it  near  Point  Barrow. 

The  facts  reported  by  Mr.  Dall  throw  great  light  on  the 
manner  of  formation  and  deposit  of  the  till,  which  has  been  the 
source  of  much  difference  of  opinion  among  glacialists.  Some 
have  imagined  a  moraine  profoiide^  pushed  out  from  the  front 
margin  of  the  ice-sheet  in  its  retreat,  left  as  a  continuous  terminal 
moraine  from  north  to  south  after  the  ice  had  entirely  dis- 
appeared. Others  contend  that  it  was  not  only  deposited  at  the 
icefoot  hut  also  was  formed  t/iere.  However  satisfactory  these 
theories  may  be  to  those  who  understand  them,  it  is  true  that 
to  some  they  are  wholly  beyond  comprehension,  and  seem  to 
be  mythical.  Another  theory  asserts  that  the  ice  died,  out 
gradually^  and  imperceptibly  beneath  its  burden  of  clay  and  stone, 
and  that  the  till  is  not  a  terminal  moraine,  but  instead  a  surface 
moraine  (to  employ  a  new  term)  resulting  from  the  same  causes, 
whatever  they  may  be,  which  bring  the  drift  on  to  the  surface 
of  the  ice  in  northern  Alaska  and  which  so  frequently  hide  the 
surface  of  the  small  glaciers  that  have  been  described  in  the 
Rocky  Mountains. 

These  observations  also  throw  light  on  the  cause  and  man- 
ner of  formation  of  kames.  Kames  are  gravel-ridges,  lying  in 
till-covered  countries,  and  occupying  the  lower  portions.  They 
are  generally  coincident  in  direction  with  the  direction  of  the 
present  surface  drainage,  and  often  on  either  side  of  a  kame, 
which  may  be  several  miles  in  length,  there  is  a  swamp  or  low 
spot,  parallel  with  the  kame,  while  on  the  right  and  left,  out- 
side of  this  valley,  the  unbroken  till  spreads  out  indefinitely. 


860       K  H.  Wtnchell — DalFs  Observations  on  Arctic  Ice, 

The  gravel  of  which  the  kame  consists  is  of  the  same  materi 
as  the  gravel  and  stones  foand  in  the  till  that  adjoins  it,  an 
was  undoubtedly  brought  there  at  the  same  time  that  the  ti 
was — but  necessarily  by  some  other  agent  The  kame  alt 
sometimes  becomes  broken  up,  and  fades  out  by  becomio 
hummocky  and  clayey,  into  the  till  itself.  Now  on  the  saj 
position  that  the  till  before  its  deposit  lay  on  the  surface  of  to 
ice,  it  is  plain  that  surface  drainage  gathering  into  small  stream 
and  even  rivers,  would  produce  deep  channels  or  gorges  in  tb 
ice-sheet  In  the  bottom  of  the  stream  would  be  gathered  sqcI 
gravel,  stones  and  sand  as  the  stream  had  not  current  enoud 
to  carry  awa3r.  The  warmth  imparted  to  it  by  the  water  wouk 
cause  It  to  sink  deeper  and  deeper  into  the  ice,  and  in  man; 
places  to  lie  on  the  rocky  floor  itself,  especially  in  the  southerly 
portions  of  the  gorge  where  the  ice  would  be  thinner.  It  i 
easy  to  see  that  on  the  entire  withdrawal  of  the  ice,  such  ] 
kame  would  lie  undisturbe(l,'in  its  beautiful  stratification,  when 
the  river  produced  it;  while  on  either  side  would  be,  first,  th( 
comparatively  low  or  swampy  belt  caused  by  the  withdrawal 
during  the  existence  of  the  river,  of  the  clay  of  the  till,  bdc 
the  concentration  of  its  stones  and  gravel  in  the  bottom  of  the 
stream  by  the  sloping  sides  of  the  gorge,  and  secondly,  outside 
of  this  swampy  belt,  the  unmodified  till  itsell  On  the  sap 
position  that  the  stream  was  sub-glacial,  not  only  can  the  cir 
cumstances  not  be  imagined  in  accord  with  the  known  opera 
tions  of  gravity  and  momentum;  but,  if  once  so  formed,  thi 
subsequent  movement8  of  the  ice  would  inevitably  havede 
stroved  the  strati tication  of  the  kame,  and  mixed  it  with  th 
till.  On  the  supposition  that  the  kame  was  formed  by  suci 
streams  outside  the  area  of  the  ice,  on  their  debouchure  from  ii 
such  steep  ridges  can  hardly  be  explained.  Gravel  and  sands 
deposited  are  spread  out  more  like  "alluvial  fans,"  and  prol 
ably  such  are  the  su])erficial  gravels  and  sands  over  southen 
Ohio  and  Indiana,  south  of  the  ice-margin  at  the  time  of  th( 
last  glacial  epoch. 

University  of  Minnesota,  Fob.  5,  1881. 
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'.    XLVI. — On  the  Projection  of  Lines  of  Equal  Pressure 
the    United    States,    west  of  the   Mississippi  River;*    by 
ENRY  A.  Hazen. 

HE  Signal  Service  Bureau  of  the  United  States  has  pub- 
kI,  since  1873,  more  than  9000  different  weather  maps,  upon 
5h  are  projected  isobars  and  isotherms  for  the  United  States 
Canada  from  a  little  west  of  the  Mississippi  Biver  to  the 
mtia  It  has  been  found  practically  impossible  to  continue 
isobars  across  the  Rocky  Mountain  plateau  to  the  Pacific,  or 
•  more  than  half  the  country.  The  late  Chief  Signal  OflScer 
is  annual  reports  for  1877,  '78  and  79,  has  stated  in  substance, 
the  reduction  of  pressures,  at  elevations  west  of  the  Missis- 
i  River  is  greatly  to  be  desired. 

he  solution  of  this  problem  is  an  exceedingly  complicated 
for  the  following  reasons : 

St  The  elevations  of  stations  are  not  accurately  known.  In 
IV  to  eliminate  this  error,  the  method  of  "  isabnormals"  or 
jpartures"  has  been  proposed.  This  system  may  be  briefly 
jribed  as  follows  : 

Te  may  consider  the  actual  mean  pressure  for  a  month  or 
•,  at  any  station,  to  represent  an  even  flow  of  air,  with  a 
th  indicated  by  the  pressure;  if  there  were  no  "  highs''  or 
ws,"  the  pressure  would  remain  constant  The  algebraic 
jrence  between  the  mean  pressure  for*a  month  or  year 'and 
1  observation,  in  other  words,  the  "  departure, "id would  indi- 
J  if  plus,  the  presence  of  a  "high,''  if  minus,  of  a  "low," 
if  these  "  departures'*  should  be  plotted  on  a  chart  for  a 
es  of  stations,  we  should  have  apparently  an  exact  means 
lescribing  a  "high"  or  "low." 

^his  method  is  open  to  serious  objections  and  in  fact  may 
e  results  directly  contrary  to  the  truth.  If  all  stations 
•e  at  sea-level  the  results  would  be  approximately  accurate, 
it  will  be  seen  that  this  would  not  be  the  case  at  elevations. 
'  example,  in  winter  the  atmosphere  condensed  by  the  cold 
ks  and  the  pressure  at  a  high  station  diminishes,  whereas  at 
same  time  at  sea-level  the  pressure  increases.  Since  the  tem- 
atare  is  constantly  rising  and  falling  it  would  be  impossible 
compare  "departures"  at  different  altitudes  with  each  other  or 
h  those  at  sea-level. 

!n  Table  I  are  found  "departures"  as  computed  from  the 
aal  observations  and  also  from  the  same  reduced  to  sea-level. 

The  term  pressure  is  used  to  denote  atmospheric  pressure.  Nearly  every  daily 
jr  in  the  country  is  publishing  "  Indications''  in  each  issue,  in  which  the  ex- 
laions  "barometer"  and  "temperature,"  are  almost  invariably  used.  There 
Jd  be  uniformity.    Why  may  not  " pressure"  and  "  temperature"  be  used? 

M.  JouK.  Sci.— Third  Series,  Vol.  XXI,  No.  125.— Mat,  18S1. 
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Table  I. 

Departures  at  North  Platte,  Nob.,  elevation  2838  feet,  for  the  obserratioi 
7.36  A.  M.  Wasbing^n  time,  during  January,  1879. 


Temp. 

Pru»ure. 

Departure. 

Date. 

Actual. 

Sig.  Serr. 
Reauction 

La  Place. 

Haten. 

Actual. 
9 

S.  8. 

L. 

1 

3** 

27'-22 

30''-08 

30''-55 

30'-42 

18 

21 

2 

-13 

27-27 

30-25 

30-74 

30-55 

14 

35 

40 

3 

-  8 

27-44 

30-43 

30-90 

30-71 

31 

53 

56 

4 

-  9 

27-31 

30-27 

30-71 

30-57 

18 

37 

37 

5 

4 

27-41 

30-31 

30-65 

30-60 

28 

41 

31 

6 

-.  1 

2701 

29-85 

30-30 

30-23 

-12 

—  5 

-  4 

7 

25 

2703 

29-70 

30-15 

30-12 

-10 

—  20 

-21 

• 

8 

1 

27-26 

3014 

30-54 

30-45 

13 

24 

20 

9 

0 

2698 

29-81 

30-30 

3019 

-15 

—  9 

-  4 

10 

12 

26-97 

29-72 

30-18 

30-12 

-16 

-18 

-16 

11 

3 

2716 

29-99 

30-49 

30-35 

2 

9 

15 

12 

6 

2704 

29-84 

30-32 

30-23 

-  9 

—  6 

0 

■ 

13 

14 

26-98 

29-72 

30-16 

30-12 

-16 

—  18 

-18 

■ 

14 

C 

27-05 

29-86 

30-31 

30-23 

-  8 

-  4 

-  3 

• 

15 

10 

26-99 

29-75 

30-23 

30-15 

-14 

-15 

-11 

- 

IG 

2 

27-08 

29-91 

30-41 

30-28 

-  6 

1 

17 

9 

27-06 

29-85 

30-30 

30-22 

-  7 

—  5 

—  4   • 

18 

3 

27-23 

3010 

30-57 

30-43 

10 

20 

23  1 

19 

8 

27-32 

30-18 

30-36 

30-49 

19 

28 

22 

20 

23 

27-24 

29-97 

30-42 

30-33 

11 

7 

8  ■ 

21 

16 

26-97 

29-70 

30-15 

30-10 

-16 

—  20 

-19 

■ 

22 

37 

26-91 

29-50 

29-93 

29-95 

-22 

-40 

-41 

23 

27 

2713 

29-82 

30-22 

30-21 

0 

-  8 

-12   • 

24 

36 

26-92 

29-51 

29-94 

29-96 

-21 

-39 

-4n  • 

25 

37 

27-31 

29-98 

3033 

30-34 

18 

8 

-  1 

26 

3r) 

26-65 

29-20 

29-59 

29-69 

-48 

-70 

-if)  i  . 

27 

30 

26-91 

29-54 

3000 

29-97 

-22 

-36 

-34  ! 

28 

26 

27  08 

29-77 

30-20 

30- 16 

-  5 

-13 

-14 

29 

15 

27-36 

30-18 

30-58 

30-50 

23 

28 

24 

30 

20 

27 -.34 

30-08 

30-14 

30-42 

21 

18 

10 

31 

27 

27-27 

29-98 

30-37 

30-34 

14 

8 

3 

Mean 

27-13 

29-90 

30-:54 

30-27 

A  comparison  of  the   "departures"   shows  a  ditferenc 
dzO"'l()  between  columns  7  and  10,  and  a  still  greater  d 
ence  between  7  and  8  or  9.     This  discrepancy  would  be  n 
increased  at  greater  altitudes.     No  satisfactory  projections 
can  be  made  with  this  system. 

Having  given  pressures  an(J  temperatures,  we  may  obUii 
approximate  difference  of  elevation,  of  neighboring  station 
applying  tiie  formula  of  LaPlace.  In  order  to  obtain  \ 
idea  of  the  accuracv  of  levelinor  with  the  barometer  the  d 
ence  of  height  of  the  following  stations  has  been  compi 
see  Table  II. 
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Table  IT. 

• 

• 

Difference  of  Elevation. 

Month. 

Mt.  WastaVn, 
N.  H.,  *  Port- 
land, Me.,  6  ys' 
obseryatlons. 

Pike'8  Peak. 
Col.,  ft  Dodge 
City,  Ka  ,  4  ys* 
obgervatious. 

11331' 

Dodge  C,  Ka.. 

ft  Learenw^h, 

Ka.,  4  years' 

observatlona. 

Ploche,  Nev., 

ft  VlHalia, 
Cal.,  1  yesra' 
obaervatlons. 

Boise  C,  Ida., 

ft  Umatilla, 
Oregon.  I  yrs' 
observations. 

January 

6264' 

1665' 

5648' 

2301' 

February 

6268 

11414 

1670 

6768 

2302 

March 

6284 

11452 

1725 

6797 

2398 

April 

6242 

11485 

1718 

5821 

2486 

May 

6232 

11526 

1734 

6862 

2496 

June 

6233 

11545 

1734 

6819 

2640 

July 

6226 

11667 

1752 

6867 

2622 

Auj(ust 

6215 

11666 

1752 

6792 

2630 

September 

6236 

11536 

1756 

6800 

2438 

October 

6249 

11426 

1722 

5722 

2381 

NoTember 

6276 

11382 

1670 

5702 

2343 

December 

6259 

11326 
11470 

1667 

5637 

2342 

Year 

6256 

1716 

5772 

2424 

Mean  of  1 2  mo's 

6248 

11463 

1714 

5768 

2424 

Mean 

6252 

11466 

1715 

5770 

2424 

True  diff.  level 

6240 

In  column  2,  Mt.  Washington  is  in  latitude  45°  north,  near 
the  Atlantic  coast  and  sixty  miles  west  of  Portland,  which  is 
46' above  the  sea.  In  column  3,  Pike's  Peak  is  in  the  interior 
in  latitude  39°  north  and  300  miles  west  of  Dodge  City,  which 
has  an  altitude  of  2555'.  In  column  4,  Leavenworth  is  300 
miles  east  of  Dodge  City  and  840'  high.  In  column  5,  Pioche 
in  latitude  37°'5  north  is  300  miles  east  of  Visalia,  the  latter 
near  the  Pacific  coast  and  370'  high.  In  column  6,  Boise  City 
is  in  latitude  44°  north  and  about  200  miles  southeast  from 
Umatilla,  which  is  375'  high. 

The  most  noticeable  fact  is  that  while  the  computed  eleva- 
tions on  the  Atlantic  coast  gradually  diminish  from  January 
to  July,  the  opposite  effect  is  observed  on  the  Pacific.  The 
computed  diflference  of  elevation  between  Mt.  Washington  and 
Portland  is  within  12'  of  the  truth.  In  the  west  many  of  the 
elevations  are  in  doubt 

Table  III  gives  approximate  elevations  of  most  of  the  sta- 
tions west  of  the  Mississippi  Eiver. 

2A  It  seems  well  nigh  impossible  to  determine  the  law  of 
variation  of  temperature  at  most  of  the  high  stations  in  the 
west  For  abrupt  elevations,  such  as  Pike's  Peak,  the  law 
may  be  fairly  well  known,  but  this  is  not  the  case  in  most 
instances.  For  example,  the  mean  temperature  at  Denver, 
Col.,  is  49°'l,  at  Dodge  City  it  is  53°-4  and  at  Leavenworth 
iti8  53°*5.  These  temperatures  reduced  to  sea  level  at  the  rate 
of  1°  for  each  300'  elevation  are,  66^-7,  61°-9  and  66°-3  respec- 
tively.    Again,  we  frequently  find  the  temperatures  ten  to  fif- 
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teen  degrees  lower  at  Dodge  City  than  at  Denver.  At  Salt 
Lake  City,  on  the  elevated  plateau  west  of  the  Rocky  Mountains, 
there  is  a  still  greater  difficulty,  as  the  tehiperature  seems  to 
run  too  high. 

Table  III. 


1 

Elevi 

lUOD. 

SUtiou. 

Elevi 

ition. 

SUtiOD. 

SiRnal 

Barome- 

Signal 

Barone> 

Service. 
1704' 

tric. 

Service. 

trtc. 

Bismarck 

1740' 

Leavenworth 

813 

840 

Boeme 

1333? 

1400 

Los  Angeles 

320 

380 

Boise  City 

2S77 

2799 

Mason 

1800? 

1610 

Brackettville 

lO-'G? 

1140 

Norih  Platte 

2838 

2838 

Camp  Grant 

4823? 

4900 

Phoenix 

1800? 

1150 

Campo 

2500? 

2500 

Pioche 

5779 

6148 

Cheyenne 

(J057 

6093 

Pike's  Peak 

14151 

14021 

Concho 

1750? 

1900 

Prescott 

5700? 

6230 

Deadwood 

4600 

Red  Bluff 

338 

410 

Denver 

5269 

5265 

Sacramento 

76 

100 

Dodge  City 

2486 

2555 

Salt  lAke  City 

4362? 

4365 

Fort  Buford 

1970 

.<t.  Paul 

796 

825 

Fort  Craig 

4622 

4570 

Santa  F^ 

6851 

7020 

Fort  Davis 

5203 

4900 

Silver  City 

6896 

5920 

Fort  Gibson 

511 

541 

Stockton 

2000? 

3100 

Fort  Keosrh 

2536? 

2480 

Umatilla 

461 

275 

Fort  McKavitt 

2050? 

2230 

Virginia  City 

5480? 

5830 

Fort  Sill 

1100? 

1198 

Visalia 

348 

378 

Fort  Stevenson 

1760 

Winnemucca 

4335 

4390 

Fredericksburg 

1614? 

1720 

Yankton 

1275       , 

1210 

T^aMesilla 

4050      ' 

Yuma 

155?     ■ 

240 

3d.  Even  if  elevations  were  known,  there  seems  to  be  no 
formula  of  reduction  wliich  can  be  applied  to  the  varying  con- 
ditions of  the  temperature  and  movements  of  the  atmosphere. 

In  order  to  obtain  a  satisfactory  method  of  reduction,  the 
following  plan  has  been  adopted,  based  upon  the  theory  that 
the  fluctuations  of  pressure  are  in  part  dependent  upon  the 
temperature  at  the  base  and  summit  of  a  mountain. 

Arrange  in  a  tiible  a  column  for  temperatures  running  from 
—  30°  to  80°  in  a  vertical  line,  and  a  horizontal  row  of  pressures, 
limited  by  the  minimum  and  maximum  pressures  at  the  eleva- 
ted station  under  consideration. 

Take  now  tlie  difference  of  pressures  at  any  observation  at 
an  upper  and  lower  neighboring  station  and  place  it  at  the 
intersection  of  a  line  passing  througli  the  temperature  corre- 
sponding to  the  mean  temperature  of  the  two  stations  at  the 
time  of  the  observation,  with  a  vertical  line  passinsj  through 
the  figure  representing  the  pressure  at  the  elevated  station  at 
the  same  time.  By  taking  a  suflicient  number  of  observations, 
made  at  all  hours  of  tin?  day,  and  during  all  the  months  of  the 
year,  we  can  constru(;t  a  table  whicth  shall  represent  the  proper 
reduction  of  all  observations  at  the  U[)per  station. 
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have  been  prepared  on  this  system  for  Mt  Wash- 
II.,  reducing  to  aea-level  by  comparison  with  Port- 
also  for  nearly  all  the  stations  of  tne  Signal  Service, 
)0'  in  higlit,  west  of  the  Mississippi  Eiver;  column 
[,  is  taken  from  such  a  table.  For  elevations  under 
U.  S  Signal  Service  have  adopted  a  formula  of  reduc- 
1  always  gives  results  too  small. 
?rring  to  Table  I,  w^e  see  that  during  the  month  of 
1879,  in  one  insUmce  the  reduction  in  column  4  was 
than  in  column  6,  and  in  two  cases  the  reductions  in 
were  0"'50  less  than  in  column  5. 
Annual  Report  of  the  Chief  Signal  Officer  for  1876, 
lied  tables  computed  by  Lieut.  Dunwoody,  for  reduc- 
res  at  an  elevation  not  exceeding  7000'  to  sea-level, 
gives  a  comparison  of  reductions  by  these  tables  with 
5uyot\s  tables  and  also  Baily's. 

Tablk  IV. 
Reduction  of  Mt.  Washinfrton  to  sea-level. 


Actual 

DilTereQce 

bf  t.  W .  &  P. 

Bally. 

Gnyot. 

Danwoody. 

Haien. 

al    pressure 
:rr>2(; 
1  teinp'ature 
Port.,  36°-2 

r>"-350 

6"-316 

6-406 

7142 

6''-342 

6''-3U 

e'-Bse 

.  W.,  23"U0 
cniture   Mt. 
tland,  20 
erature    Mt. 
lland.  -21.''' 

6-429 
7167 

6-424 
7-165 

6-56 
7-13 

;.  W.,  24'  00 
erature    Mt. 
tland,  60^ 
'  rature    Mt. 
tland,  20' 

6-060 
6-68r) 

6-082 
6-708 

6046 
6-676 

605 
6-61 

mn  1  are  given  pra^^sures  on  Mt  Washington  and  the 
perature  between  Mt.  Washington  and  Portland.  In 
ning  columns  are  found  the  reductions  to  sea-level,  as 
.  from  various  formuUe  and  tables. 

formula  in  column  8  has  been  adopted  by  Charles 
,  Superintendent  of  the  Meteorological  Service  of 
vIk)  regards  the  tables  of  Dunwoody  as  unsatisfactory. 

seem  that  all  tlie  results  are  nearly  correct  when 
e  employed  ;  when  individual  observations  are  con- 
lowever,  the  discrepancies  are  more  marked,  each  of 
ihe  in  different  portions  of  its  range  giving  the  best 
On  the  whole  the  reductions  by  Guyot  seem  the  best 
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and  tlioso  l»y  Dmiwcxxly  arc  next.  These  <liscrepancics  are 
still  greater  in  the  case  of  reductions  of  pressuras  at  such  an 
altitude  as  Pike  s  Peak.     This  is  shown  clearlv  in  Table  V. 


Tahlk  y. 
Rpductioii  of  Pike's  Poak  to  soH-lovel. 


Guyot. 

Ilaien. 

<>iiiprr:i- 

turo. 

^  -  •         K 

~ 

17' -r,. 

ir  "7. 

H'-H. 

17  -B. 

17- "7. 

n-8. 

fiO^ 

ir-«i 

ir-fi7 

ir-7-1 

11  "-91 

11 --PS 

11 '-sa 

50 

11-5J2 

1 1  -DJ* 

12  0(J 

1211 

12-10 

12-09 

40 

i2-j<; 

l2-:!:t 

12-40 

12-27 

12-2«5 

12-25 

.iO 

12m;2 

1200 

12  70 

12-4:i 

12-42 

12-41 

20 

KJOO 

i:{-07 

i:ji4 

12-.">0 

12-58 

12-57 

10 

i:j-:ts 

KrUJ 

i:tr>4 

12-7G 

i2-7r) 

12-74 

0 

i:5-.si 

i:jh;» 

i;i-:)7 

12fl:i 

12-92 

12-91 

There  seems  to  be  a  variation  by  tliese  two  methods  of  re- 
duction of  nearly  one  inch  at  0**  temperature.  If  it  be  objected 
that  no  account  is  taken  of  pressures  at  the  lower  station,  and 
that  comparisons  niadi?  between  stations  800  miles  apart  would 
diller  rri)ni  tliose  near  each  other,  also  that  the  altitude  of 
Pike's  Peak  is  uncertain.  It  rnav  be  said  that  the  extreiiu' 
error  due  to  tliesc  causes  may  reach  0"'0  at  0"^  temperature, 
and  tliis  would  diminish  with  hiirlier  temperatures. 

The  most  marked  ])(Mjuliarity  in  the  \wo  tables,  however,  is 

that  irhile  th*:  rfflwdon  hn  (hinnt  iiivretists  With  an  inrrttiseof 
pn'.<i.^fn'(,  thft  tirhinl  rrduchWn  th'ininifiJus.  Tliis  fact  has  been 
verilic(l  ])y  reductions  nt  a  hirge  number  of  stations. 

The  uKUhod  proposed  then  consists  in  this.  All  reductions 
of  pressures  at  nltitmh^s  not  exeoctling  lO0(»'  be  made  iv  the 
use  of  (iuyot's  formula.  (Tahle  VF,  for  facilitating  this  reduc- 
tion is  appeiid(Ml  to  this  paper.)  For  all  other  stations  reductions 
be  made  from  tahles  speeially  pre|)iired,  from  a  comparison  of 
observations  at  an  r'levated  and  at  a  lower  neigliboring  station. 

Plates  are  n;ivtMi,  showiiiir  a  |)rojeetioii  of  isobars  over  the 
whole  of  the  l-niti'd  Stales,  for  the  observation  at  7.85  A.  M. 
Washiniiton  time,  from  the  2d  to  the  7th  of  February,  1880.  In 
makiMi^  these  reductions,  the  actual  ttMuperature  at  the  station 
has  been  usi'(|  for  all  except  Pike's  P<'ak,  at  tlie  latter  station 
the  mean  t(Mnperature  between  PiktTs  Pc^ak  and  Dodge  City  has 
been  enij^loyfcl.  The  isobars  hav(^  Ix.'cn  ]uojeeted  from  the  re- 
ductions at  (Ul  the  stations  e\cc|)t  Pike's  Peak,  Salt  Lake  City, 
Dcadwood,  1^'ort  Ibifonland  Kort  Stevenson.  Observations  have 
not.  l.)een  publishdl  to  a  suniei(?nt  ext<*nt  to  give  satisfactory 
tables  for  rtMluetion  in  the  last  three  eases  ;  at  Stilt  Lake  City  the 
teni])eratur(;s  arc  ti'oublcsome,  and  i?ikcs  Peak  is  very  hi.i^h. 
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Only  an  approximate  solution  of  the  problem  is  claimed;  at 
the  same  time  it  is  quite  satisfactory  and  if  ased  will  openi 
wide  field  for  meteorological  research,  especially  if  there  bei 
few  additional  stations  established  along  the  oOth  and  55Ui 
parallels. 

Aa  exact  determination  of  elevation  of  meteorological  sta- 
tions in  the  west  would  be  of  very  great  importance.  Atsos 
series  of  observations,  conducted  at  elevated  and  lower  stations 
in  the  west,  for  a  whole  year,  as  suggested  by  Lieut.  Dunwoodj 
in  the  preparation  of  his  tables,  would  be  of  great  assistance  in 
determining  a  proper  formula  of  reduction  to  sea-level. 

Table  VI. 
For  reducing  prcHsiires,   at  elevalioDa  not  excMdiag  1000  feet,  lo  eei'leicl 
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&.RT.  XLVIL — Neumann^s  Method  of  calibrating  Thermometers^ 
with  xoays  of  getting  columns  for  calibration ;  by  T.  RusSELL, 
U.  S.  Lake  Survey. 

Neumann's  method  of  calibrating  thermometers  has  very  con- 
siderable advantages  over  those  of  Bessel  and  of  Hallstrom, which 
are  the  ones  in  common  use.  In  the  computations  of  the  correc- 
tioDS  by  this  method  the  numbers  used  are  always  small,  and 
there  is  entire  freedom  from  arbitrary  assumptions.  Without 
at  all  increasing  the  work  of  reduction,  the  calibrating  columns 
can  be  used  to  the  greatest  advantage,  and  even  when'fall  the 
regular  observations  required  by  the  method  are  not  obtained, 
the  corrections  can  nevertheless  be  derived  in  a  definite  man- 
ner. The  method  combines,  in  short,  the  greatest  simplicity, 
el^Dce  and  exactness. 

An  essential  feature  of  the  method  is  that  the  columns  used 
most  be  as  nearly  as  possible  equal  in  length  to  a  whole  num- 
ber of  intervals  between  the  points  for  which  the  corrections 
are  required ;  if,  for  instance,  for  every  ten  degrees,  the  lengths 
of  the  columns  used  must  then  be  about  ten,  twenty,  thirty, 
etc.  degrees.  Although  it  is  not  necessary  to  have  all  the  possi- 
ble columns  of  this  kind,  yet  the  greater  the  number  obtained 
the  simpler  becomes  the  reduction.  Calling  the  points  for 
which  the  corrections  are  required  principal  points,  the  col- 
umns obtained  are  to  be  measured  with  the  lower  ends  near 
all  of  the  principal  points,  as  far  as  the  lengths  of  the  columns 
will  permit  The  lengths  of  the  columns  being  as  stated 
above,  the  upper  ends  will  also  be  in  the  vicinity  of  principal 
points. 

For  a  knowledge  of  this  method  the  writer  is  indebted  to  an 
article  by  M.  Thiesen,  in  the  November  number  for  1879,  of  the 
Zeitschrift  der  osterreichischen  Gesellschaft  fiir  Meteorologie. 
The  notation  given  there  is  followed  here.  Denote  the  calibra- 
tion corrections  at  the  principal  points  of  a  thermometer  by 
J,  Jj  J, . . . .  J„,  and  the  corrections  to  the  intervals  between 
successive  principal  points  by  d^  5,  <J,,  etc.,  then  we  have  in 
general : 

Let  the  general  designation  of  principal  points  near  the  upper 
ends  of  columns  be  k,  and  that  of  points  near  the  lower  ends  be 
t  Denote  the  volume  of  any  column  by/(A_,)  and  its  appar- 
ent length,  that  is  the  difference  of  the  readings  of  the  upper 
end  and  lower  end  in  a  given  position,  by  (k,  i).  If  the  cor- 
rections of  the  small  spaces  which  lie  between  the  ends  of  the 
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column  and  the  principal  points  t*,  and  i,  be  neglected,  tlj( 
lowing  relation  holds : 

If  the  column  is  moved  and  placed  with  the  ends  near  • 
principal  points,  other  similar  equations  will  be  obtaine 
which  the  left  side  will  be  the  same,  but  on  the  right  si( 
place  of  z  and  k^  there  will  be  in  succession  t+1  and  i  +  l, 
and  A-l-2,  etc.  If  each  of  these  equations  is  subtracted 
the  equation  following  it,  a  new  set  of  equations  will  resi 
the  form : 

The  further  development  of  the  method  can  best  be  shov 
the  course  of  the  example  of  calibration  which  follows : 

Thermometer,  Green,  4470,  is  divided  to  fifths  of  a  de 
Fahrenheit.  The  apparent  lengths  of  columns  given  belo\ 
from  estimated  readings  of  the  ends  to  the  nearest  tenth  of 
vision,  or  0°'02.  As  it  is  not  intended  to  use  this  thermomei 
temperatures  above  122^,  no  special  effort  was  made  to  gel 
corrections  above  that  point.  On  account  of  this  the  calibr; 
falls  into  two  parts,  which  illustrate  both  branches  of 
method  ;  the  one  where  all  requisite  columns  are  used,  an( 
other  where  some  of  the  columns  are  wanting.  Part  first 
sists  in  the  derivation  of  the  corrections  at  77°,  122°  aiid  J 
with  columns  of  45°,  90°  and  135°.  Part  second  consisi 
the  derivation  of  the  corrections  for  every  tenth  degree  n 
122°,  by  the  use  of  columns  which  are  in  length  multiplt 
ten  degrees. 

Table  1  contains  the  measured  lengths  of  columns  for 
first  part  of  the  work. 

Table  1. 

Apparent  lengtlis  of  columns. 

•15  colunin.  y()  colnnm.                                   135- cohimn. 

:i2-77         -M-68  :J2-J22         OO'O?                  32-167          134-r.| 

+  00:i  +0-02                                       +( 

77-122       44-71  77-107         90-09                 77-212         134G8 

+  0-01  +0-02 

122-1G7       44-72  122-212         9011 

+  oo:^ 

167-212       44-75 

Table  II  is  formed  by  placing  vertically  the  first  horiz< 
line  of  differences  of  table  I,  and  parallel  to  it  the  other] 
of  dilVerences,  beginning  one  line  lower  each  time.  Tliis  bi 
done  the  numbers  in  the  vertical  lines  are  copied  horizons 
with  the  signs  changed.  These  two  p^rts  of  the  table  are 
arated  by  a  diagonal  line  of  double  zeros. 
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Table  II. 

Values  of  di  -  rf*  in  0^01  P. 

32  77  122  167 

32  00  —03  —02  -07 

77  +03  00  —01  —02 

122  +02  +01  00  -03 

167  +07  +02  +03  00 

Sums  +12  00  00  —12 

irst  column   is  composed   of  the  following  values,  in 
^„,  is  the  correction  of  the  interval  32*^  to  77*^,  5„,  that 

0  122°  and  so  on  : 

c5„  -  cy„  =  00 
d,,  —  c5„  =  +  03 
d,,  -  c5,„  =  +  02 

cy„  —  dje,  =  +  07 

ming  there  results :  4(J„— (J,„— J3,)=-|-12. 
jecond  column  of  table  II  is  made  up  as  follows : 

—  d„  +  d„  =  —  03 

6„  -  6„    =        00 

d„  —  cy,„  =  +  01 

6„  -  die,  =   +  02 

summing,  as  before;  45„— (J,„— J„)=00.  In  like 
the  other  columns  give  similar  equations,  and  since 
J„  are  zero,  we  have  : 

4  d,a    =  +  12  .-.  d„    =  +  O^'-OS 

4  d,,    =        00  .-.  d,7    =  00 

4  d,„  =        00  .*.  d,92  =  00 

4  d,e,  =  -  12  .-.  dt,7  =  -  0''-03 

ing  these  values  of  8,  the  corrections  at  77°,  122®  and 
e  found  to  be  alike,  and  equal  to  -1-0° '03. 
e  second  part  of  the  work  no  measurements  were  made 
ten-degree  column,  and  therefore  the  symmetry  of  the 
rt  will  be  wanting.  The  lengths  of  the  columns  as 
3d  are  given  in  table  III.     Before  each  line  of  lengths 

1  the  approximate  scale-reading  of  the  lower  ends  of  the 
s. 

Table  III. 
'  Apparent  lengths  of  columns. 


20-36 

29-80 

39-77 

49-55 

59-94 

69-65 

80-55 

20-38 

29-82 

39-78 

49-57 

59-90 

69-65 

80-47 

20-46 

29-91 

39-87 

49-61 

6002 

69-75 

20-47 

29-88 

39-81 

49-62 

59-^8 

20-46 

29-88 

39-84 

4960 

20-42 

29-90 

39-81 

20-49 

29-86 

20-44 

e  IV  is  formed  in  the  same  wav  as  table  IL     It  will  be 
that  there  are  two  series  of  blanks  corresponding  to 
'  column  of  which  the  observations  are  wanting. 
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Tablb  IY. 

Values  of  di  —  du  and  residuals  in  0*-01  P. 

32         42         52         62         72         82         92       102       112 
32  00  -02     -02     -01     -02     +04         00     +08 

42  00  -01     -09     —09     -04     —12     -10 

52       +02  00  —02      +03     +06     —01      +04 

—  1 

62       +02     +07  00  +01         00     —03     +02 

—  8      +1 

72       +01     +09     +02  00  +04     —02     +03 

0      +   1      —  a 

82       +02     +09     -03     —01  00  -07      +04 

—  8      -   I       +1      +1 

92       —04      +04     -06         00     —04  00  +05 

+  i+a+a—  2         0 

102  00      +12      +01      +03      +02      +07  00 

+    3  0  0+1  0—8 

112      -08      +10     —04     —02     -03     -04     -06  00 

+    8       -5       -2        —    2       -8        +1       +• 

Sums  -05     +51     —12     -09     -17     -04     +06     -25     +16 

The  sum  of  the  numbers  in  the  last  horizontal  line  must 
zero.  This  gives  a  check  on  the  summing  of  the  columns  \ 
the  copying  with  signs  changed.  Another  check  on  the  w« 
is  this  :  that  the  differences  of  any  two  quantities  in  the  sj 
horizontal  line  should  be  the  same,  within  the  limits  of 
errors  of  observation. 

Analyzing  by  a  process  similar  to  that  used  for  table  II, 
following  equations  will  be  found,  in  which  J„  is  the  cor 
tion  of  the  interval  32°  to  42°  ;  5„,  that  of  42°  to  52° 
so  on. 

Approximations. 
8  daa  =Aiaa  —  Aga  — ^45  — 05 

7  ^45  =A,a9  — A32  — rf>9  — djs  +51 
7  "68  ^^^Aiaa  —  ijja  —  042  — Oga  — 12 
7  dfla  =A,a9  — Aaa  — (Jfta  — tJra  --09 
7  ^72  =Aiaa  —  Agj  —  Ofla  — Oea  — 17, 

7   rf^.a    =Ai92  —  Asa  — ^72    — ^9Q    — 04 

7  Ojja  ^^Aiaa — Asa  —  "na  — Ojo9  +  06 

7  Pioa^^Aiaa  —  Aja  —  "oa  — "in  —  -^5 

8  diia^Aiaa  —  Asa  —  ^loa  +16 

The  values  of  5,  are  derived  from  these  equations  by 
proximation.  As  seven  times  the  correction  of  any  intei 
may  be  reasonably  assumed  to  be  large  as  compared  with 
sum  of  the  corrections  of  two  adjoining  intervals,  approxin 
values  can  be  derived  from  these  equations  by  neglecting 
d  on  the  right  hand  side.  J,„  is  known  from  the  first  par 
the  work  to  be  4-0°*03,  and  J,,  is  zero.  When  the  first 
proximation  is  made,  the  values  found  can  be  subptitutec 
the  right  hand  side  of  the  equations  and  another  set  of  va 
derived  more  accurate  than  the  first.  A  few  such  proce 
will  give  the  values  of  3  with  sufficient  accuracy.     From  tl 


Flret. 

Second. 

Third. 

<^39    = 

-•003 

-013 

—  013 

cJ.a^ 

+  •077 

+  080 

+  •082 

cJfta  = 

-013 

-•023 

—  •024 

^ea  = 

-•009 

-004 

-•003 

(5,a  = 

-•020 

-•019 

-•019 

rf^a  = 

-001 

•000 

-•001 

d„  = 

+  011 

+  •016 

+  •017 

Oioa  = 

-•031 

-•037 

-•038 

rfi,a  = 

+  024 

+  031 

+  •032 
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final  values  of  8,  the  calibration  corrections  J<  given  below 
are  obtained  by  the  formula  J<^.i  =  J,+5<. 

Correction. 

32  =       000 

42  =  -001 

52  =  +007 

62  =  +0  04 

72  =  +004 

82  =  +002 

92  =  +002 
102  =  +0*04 
112  =  000 
122  =   +003 

To  get  some  idea  of  the  accuracy  of  the  determination,  the 
differences  of  observed  and  computed  values  of  5<— <?*  are 
given  in  table  IV,  in  small  figures,  under  each  of  the  values. 
These  residuals  correspond  to  a  probable  error  in  any  observed 
3^^'^|t  of  about  d:0°*013  :  and  the  probable  error  of  any  cali- 
bration correction  will  not  exceed  ifcO°*01. 

The  calibration  of  a  thermometer  by  this  method  where 
any  of  the  observations  with  a  particular  column  are  lacking 
oflFers  no  special  diflSculty.  When  the  observations  are  far 
from  being  as  nearly  complete  as  in  the  example  just  pre- 
sented, good  results  can  nevertheless  be  obtained,  but  the  com- 
putation then  becomes  more  tedious.  In  calibrating,  every 
series  of  measurements  with  a  column  ought  to  be  repeated  in 
the  reverse  of  the  order  first  made.  This  will  be  a  guard 
against  large  errors ;  and  moreover  the  means  of  the  two 
measurements  will  be  free  of  errors  arising  from  change  of 
temperature  of  the  column,  provided  its  temperature  is  rising 
or  falling  uniformly. 

Thermometers  with  reservoirs  at  the  top  of  the  tube  are  the 
easiest  and  safest  to  calibrate.  This  reservoir  should  be  pear- 
shaped  and  of  a  capacity  sufficient  to  hold  at  least  as  much 
mercury  as  the  tube  from  freezing  to  boiling  points.  To  obtain 
columns  for  calibrating,  hold  the  thermometer  vertical, 
with  the  bulb  up,  and  give  it  a  slight  shock  by  the  sudden 
stopping  of  a  downward  motion.  This  will  be  apt  to  detach  a 
column  of  indefinite  length  or  cause  the  mercury  to  run  from 
the  bulb.  In  case  this  does  not  occur  in  a  few  trials  heat  the 
thermometer  so  as  to  bring  more  mercury  into  the  tube,  and 

7  it  again.  It  will  finally  succeed  with  some  greater  length 
column.  In  case  the  mercury  runs  from  the  bulb  let  it  go 
until  it  enters  the  reservoir  and  partially  occupies  it.  Then 
invert  the  thermometer  quickly  and  the  connection  between 
the  mercury  in  the  bulb  and  that  above  will  be  broken.  In 
case  the  portion  detached  is  not  the  length  of  a  column  re- 
quired move  the  mercury  until  it  partially  occupies  the  reser- 
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voir  again.  Then  take  the  thermometer  in  the  right  hand,  tap 
the  index  finger  of  the  left  hand  with  the  reservoir-end,  holi 
ing  the  instrument  about  horizontal.  This  will  detach  a 
greater  or  less  portion  of  the  mercury,  depending  on  the  inten- 
sity of  the  shock.  If  what  is  left  is  not  of  the  required  length 
bnng  back  the  mercury  to  the  entrance  of  the  reservoir  ;  a  few 
taps  on  the  finger,  as  before,  will  cause  the  mercury  to  reunite. 
This  process  can  be  done  over  and  over  until  a  column  of  the 
required  length  is  obtained. 

In  this  way  within  half  an  hour  a  person  can  usually  obtain 
a  working  column  to  a  few  tenths  of  a  degree  without  any  risk 
to  the  thermometer.  Care  should  be  taken  in  deriving  the  col- 
umns not  to  let  all  the  detached  mercury  run  into  the  reser- 
voir, but  to  have  a  portion  always  projecting  into  the  tube.  If 
it  does  get  into  the  reservoir,  or  there  is  not  enough  in  the 
tube  to  cause  it  to  run  down  by  a  sharp,  quick  motion  when 
the  thermometer  is  held  vertical,  the  reservoir  must  be  heated. 
An  alcohol  lamp  is  preferable  for  this  purposa  The  expan- 
sion of  what  little  air  there  is  in  the  reservoir  will  almost 
always  drive  down  the  mercury,  but  sometimes  it  requires  the 
volatilization  of  the  mercury  itself.  This  difl&culty  of  getting 
the  mercury  to  run  down  the  tube  is  in  the  way  of  obtaining 
short  columns,  especially  in  very  capillary  tubes. 

Short  columns  can  best  be  obtained  from  the  bulb,  in  case 
the  thermometer  has  but  little  tubing  below  freezing  point  so 
as  to  allow  the  mercury  to  sink  into  the  bulb  when  put  in  a 
cooling  mixture,  as  of  salt  and  pounded  ice.  To  obtain  col- 
umns in  this  way,  bring  down  the  detached  portion  of  mercury 
from  the  reservoir  and  let  it  join  the  main  body  of  mercury  in 
the  bulb.  It  will  be  found  that  this  junction  will  not  be  per- 
fect, a  slight  bubble  always  remaining  at  the  place  of  joining. 
Place  the  bulb  in  a  cooling  mixture  until  the  top  of  the  col- 
umn is  about  as  far  above  the  bulb  as  the  length  of  column 
desired ;  in  the  meantime  the  bubble,  of  which  mention  has 
been  made,  will  have  entered  the  bulb.  Now  take  the  ther- 
mometer in  the  right  hand  and  hold  it  inclined,  with  the  bulb 
down.  A  few  light  shocks  bj^  the  sudden  ^stopping  of  a  rapid 
motion  in  the  direction  of  the  thermometer  stem  will  bring  the 
bubble  to  the  entrance  of  the  tube.  The  expansion  of  the  mer- 
cury as  the  temperature  rises  will  drive  the  short  column  before 
it  By  this  process  also  the  mercury  may  be  perfectly  reunited 
after  the  calibration  is  completed,  by  cooling  until  all  the  mer- 
cury runs  into  the  bulb,  when  a  little  jarring  of  the  thermom- 
eter, as  before,  will  cause  the  bubble  to  disappear. 

Another  method  of  getting  columns  of  definite  length  is 
described  in  Fischer^s  Oeoddsie^  credited  to  Hansteen.  The 
pinciple  consists  in  getting  a  small  bubble  of  air  in  the  column 
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of  Hiercury,  but  not  large  enough  to  occupy  the  whole  cross- 
section  oi  the  tube ;  then  by  very  slow  heating  or  cooling  when 
the  desired  leogth  of  column  is  above  the  bubble  it  may  be 
detached  by  a  sadden  jar.  To  operate  successfully,  according 
to  this  method,  a  thermometer  of  large  bore  is  required.  In 
the  case  of  a  thermometer  without  a  reservoir  at  the  top  these 
latter  methods  are  the  only  ones  that  can  be  safely  used. 
Ifigen's  method  of  directing  the  flame  of  a  blowpipe  on  the 
tuoe  should  never  be  followed. 

In  selecting  a  thermometer  some  idea  of  the  nature  of  the 
bore,  whether  regular  or  not,  can  be  formed  by  inspection 
without  the  aid  oi  detached  columns.  If  examination  with  a 
reveals  a  straight  smooth  exterior  it  generally  denotes  the 
same  interior  qualities. 


Art.  XLVIII. — Notice  of  William  HaUoioes  Miller  ; 

by  J.  P.  CooKE.* 

William  Hallowes  Miller,  who  was  elected  Foreign 
Honorary  Member  of  this  Academy  in  the  place  of  C.  P. 
Naumann,  May  26th,  1874,  died  at  his  residence  in  Cambridge, 
England,  on  the  20th  of  May,  1880,  at  the  age  of  79,  having 
been  born  at  Velindre  in  Wales,  April  6th,  1801.  His  life 
waB  singularly  uneventful  even  for  a  scholar.  Graduating  with 
mathematical  honors  at  Cambridge  in  1826  he  became  a  fellow 
of  bis  College  (St.  Johns)  in  1829,  and  was  elected  Professor  of 
Mineralogy  in  the  University  in  1832.  Amidst  the  calm  and 
d^nt  associations  of  this  ancient  English  University,  Miller 
passed  a  long  and  tranquil  life,— crowded  with  useful  labors, 
honored  by  the  respect  and  love  of  his  associates  and  blessed 
by  congenial  family  ties.  This  quiet  student  life  was  exactly 
suited  to  his  nature,  which  shunned  the  bustle  and  unrest  of 
our  modern  world.  For  relaxation  even  he  loved  to  seek  the 
letireJ  valleys  of  the  Eastern  Alps ;  and  the  description  which 
he  once  gave  to  the  writer,  of  himself  sitting  at  the  side  of 
his  wife  amidst  the  grand  scenery,  intent  on  developing  crys- 
tallographic  formulae  while  the  accomplished  artist  traced  the 
magnificent  outlines  of  the  Dolomite  Mountains,  was  a  beauti- 
ful idyl  of  science. 

Miller's  activities,  however,  were  not  confined  to  the  Uni- 
versity. In  1838  he  became  a  Fellow  of  the  Koyal  Society, 
and  in  1856  he  was  appointed  its  Foreign  Secretary, — a  post  for 
which  he  was  eminently  fitted  and  which  he  filled  for  many 
years.    In  1848  he  was  selected  one  of  a  committee  to  superin- 

*  B«ad  before  the  American  Academy  of  Arts  and  Sciences,  Boston,  and  to 
appeir  ia  tiie  Prooeedings. 
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tend  the  construction  of  the  new  Parliamentary  standards  oi 
length  and  weight  to  replace  those  which  had  been  lost  in  the 
fire  which  consumed  the  Houses  of  Parliament  in  1834,  and 
to  Professor  Miller  was  confided  the  construction  of  the  new 
standard  of  weight.  His  work  on  this  important  committee, 
described  in  an  extended  paper  published  in  the  Philosophical 
Transactions  for  1866,  was  a  model  of  conscientious  investiga- 
tion and  scientific  accuracy.  Professor  Miller  was  sxxm- 
quently  a  member  of  a  new  Koyal  Commission  for  *'  examining 
into  and  reporting  on  the  state  of  the  secondary  standards,  and 
for  considering  every  question  which  could  affect  the  primary, 
secondary  and  local  standards'* ;  and  in  1870  he  was  appointed 
a  member  of  the  "Commission  Internationale  du  M^tre."  His 
services  on  this  commission  were  of  great  value  and  it  bag 
been  said  that  "  there  was  no  member  whose  opinions  had 
greater  weight  in  influencing  a  decision  upon  any  intricate  and 
delicate  questions." 

Valuable,  however,  as  were  Professor  Miller's  public  services 
on  these  various  commissions  his  chief  work  was  at  the  Uni- 
versity. His  teacher,  Dr.  William  Whewell,  afterwards  the 
Master  of  Trinity  College,  was  his  immediate  predecessor  ii 
the  Professorship  of  Mineralogy  at  Cambridge.  This  grea 
scholar,  whose  encyclopiedic  mind  could  not  long  be  confine< 
in  so  narrow  a  field,  held  the  Professorship  only  four  years 
but  during  this  period  he  devoted  himself  with  his  usual  er 
thusiasm  to  the  study  of  crystallography,  and  he  accomplishe-^ 
a  most  im))ortant  work  in  attracting  to  the  same  study  youui 
Miller,  who  brought  his  mathematical  training  to  its  elucida 
tion.  It  was  the  privilege  of  Professor  Miller  to  accomplish  i 
unique  work,  for  the  like  of  which  a  more  advanced  science 
with  its  multiplicit}^  of  details,  will  ofter  few  opportunities. 

The  foundations  of  crystallography  had  been  laid  long  be- 
fore Miller^s  time.  Ilaiiy  is  usually  regarded  Jis  the  founder  of 
the  science  ;  for  he  first  discovered  the  importance  of  cleavage, 
and  classed  the  known  facts  under  a  definite  system.  Taking 
cleavage  as  his  guide  and  assuming;  that  the  forms  of  cleavage 
were  not  only  the  jtrimitivt  forms  of  crystals  as  a  whole,  but 
also  the  forms  of  their  intef/rant  molecules,  he  endeavored  to  show 
that  all  secondary  forms  might  be  derived  from  a  few  primary 
forms,  regarded  as  elenients  of  nature,  by  means  of  dfcrenmU 
of  molecules  at  their  edges.  In  like  manner  he  showed  that 
all  the  forms  of  a  given  mineral,  like  fluorspar  or  calcite,  might 
be  built  up  from  the  integrant  molecules  by  skilfully  placing 
together  the  primitive  forms.  Ilaiiy's  dissection  of  crystals  in 
a  manner  which  appeared  to  lead  to  their  ultimate  crystalline 
elements  gained  for  his  system  great  popular  attention  and  ap- 
plause.     The    system    was  developed    with   great  perspicuity 
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and  completeness  in  a  work  remarkable  for  the  vivacity  of  its 
style  and  the  felicity  of  its  illustration.  Moreover,  a  simple 
mathematical  expression  was  given  to  the  system,  and  the 
notation  which  Haiiy  invented  to  express  the  relation  of  the 
secondary  to  the  primary  forms,  as  modified  and  improved  by 
lifevy,  is  still  used  by  the  French  mineralogists. 

The  system  of  Haiiy,  however,  was  highly  artificial  and 
only  prepared  the  way  for  a  simpler  and  more  general  expres- 
sion of  the  facts.     The  German  crysiallographer   Weiss  seems 
to  have  been  the  first  to  have  recognized  the  truth  that  the 
decrements  of  Haiiy  were  merely  a  mechanical  mode  of  repre- 
senting the  fact  that  all  the  secondary  faces  of  a  crystal  make 
intercepts  on  the  edges  of  the  primitive  form  which  are  simple 
multiples  of  each  other ;  and  this  general  conception  once  gained 
it  was  soon  seen  that  these  ratios  could  be  as  simply  measured 
on  the  axes  of  symmetry  of  the  crystal  as  on  the  edges  of  the 
fundamental  forms;   ancJ,  moreover,  that  when  crystal  forms 
are  viewed  in  their  relation  to  these  axes  a  more  general  law 
becomes  evident,  and  the  artificial  distinction  between  primary 
and  secondary  forms  disappears. 

Thus  became  slowly  evolved  the  conception  of  a  crystal  as 
a  group  of  similar  planes  symmetrically  disposed  around  cer- 
tain definite  and  obvious  systems  of  axes,  and  so  placed  that 
the  inteixjepts,  or  parameters,  on  these  axes  bore  to  each  other 
a  simple  numerical  ratio.  Representing  by  a  :  i :  c  the  ratio  of 
the  intercepts  of  a  plane  on  the  three  axes  of  a  crystal  of  a 
given  substance,  then  the  intercepts  of  every  other  plane  of 
this,  or  of  any  other  crystal  of  the  same  substance,  conform  to 
the  general  proportion  m  a\nh\p  c,,m  which  m,  n,  p  are  three 
simple  whole  numbers.  This  simple  notation  devised  by 
Weiss  expressed  the  fundamental  law  of  crystallography,  and 
the  cx)nception  of  a  crystal  as  a  system  of  planes  symmetrically 
distributed  according  to  this  law  was  a  great  advance  beyond 
the  decrements  of  Haiiy,  an  advance  not  unlike  that  of  astron- 
omy from  the  system  of  vortices  to  the  law  of  gravitation. 
Yet,  as  the  mechanism  of  vortices  was  a  natural  prelude  to  the 
law  of  Newton,  5?o  the  decrements  of  Haiiy  prepared  the  way 
for  the  wider  views  of  the  German  crystallographers. 

Whether  Weiss  or  Mohs  contributed  most  to  advance  crys- 
tallography to  its  more  philosophical  stage,  it  is  not  important 
hereto  inquire.  Each  of  these  eminent  scholars  did  an  im- 
portant work  in  developing  and  diffusing  the  larger  ideas,  and 
in  showing  by  their  investigations  that  the  facts  of  nature  cor- 
responded to  the  new  conceptions.  But  to  Carl  Friedrich 
Naumaim,  Professor  at  the  time  in  the  "  Bergakademie  zu 
Freiberg,"  belongs  the  merit  of  first  developing  a  complete 
system  of  theoretical  crystallography  based  on  the  laws  of  sym- 
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metry  and  axial  ratios.  His  "Lehrbuch  der  reinen  und  angc- 
wandten  Krystallographie/'  published  in  two  volumes  at 
Leipzig  in  1830,  was  a  remarkable  production,  and  seemed  to 
grasp  the  whole  theory  of  the  external  forms  of  crystak 
Naumann  used  the  obvious  and  direct  methods  of  analytical 
geometry  to  express  the  quantitative  relations  between  the 
parts  of  a  crystal ;  and  although  his  methods  are  often  unneces- 
sarily prolix  and  his  notation  awkward,  his  formulae  are  well 
adapted  to  calculation,  and  easily  intelligible  to  persons  moder- 
ately disciplined  in  mathematics. 

But,  however  comprehensive  and  perfect  in  its  details,  the 
system  of  Naumann  was  cumbrous,  and  lacked  elegance  of 
mathematical  form.  This  arose  chiefly  from  the  fact  that  the 
old  methods  of  analytical  geometry  were  unsuited  to  the  prob- 
lems of  crystallography;  but  it  resulted  also  from  a  habit  of 
the  German  mind  to  dwell  on  details  and  give  importance  to 
systems  of  classification.  To  Naumann  the  six  crystalline  sys- 
tems were  as  much  realities  of  nature  as  were  the  forms  of  the 
integrant  molecules  to  Haiiy,  and  he  failed  to  grasp  the  larger 
thought  which  includes  all  partial  systems  in  one  comprehen- 
sive plan. 

Our  late  colleague,  Professor  Miller,  on  the  other  hand,  had 
that  power  of  mathematical  generalization  which  enabled  him 
to  properly  subordinate  the  parts  to  the  whole,  and  to  develop 
a  system  of  mathematical  crystallography  of  such  simplicity 
and  beauty  of  form  that  it  leaves  little  to  he  desired.  This 
was  the  great  work  of  his  life  and  a  work  worthy  of  the  Uni- 
versity which  had  produced  the  "  Principia."  It  was  published 
in  1889  under  the  title  '•  A  Treatise  on  Crystallography,"  and 
in  1863  the  substance  of  the  work  was  reproduced  in  a  more 
perfect  form,  still  more  condensed  and  generalized,  in  a  thin 
volume  of  only  eighty-six  pages,  which  the  author  modestly 
called  **  A  Tract  on  Crystallography." 

Miller  began  his  study  of  crystallography  with  the  same 
materials  as  Naumann  ;  but  in  addition  he  adopted  the  beauti- 
ful method  of  Franz  Ernst  Neumann  of  referring  the  faces 
of  a  crystal  to  the  surface  of  a  circumscribed  sphere  by  means 
of  radii  drawn  perpendicular  to  the  faces.  The  pvoints  where 
the  radii  meet  the  spherical  surface  are  the  poles  of  the  faces, 
and  the  arcs  of  great  circles  connecting  these  poles  may  obvi- 
viously  be  used  as  a  measure  of  the  angles  between  the  crys- 
tal faces.  This  invention  of  Neumann's  was  the  germ  of  Mil- 
ler's system  of  crystallography ;  for  it  enabled  the  English 
mathematician  to  apply  the  elegant  and  compendious  methods 
of  spherical  trigonometry  to  the  solution  of  crystal lographic 
pmblems;  and  Professor  Miller  always  expressed  his  great 
indebtedness  to  Neumann   not  only  for  this  simple  mode  of 
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defining  the  position  of  the  faces  of  a  crystal,  but  also  for  his 
method  of  representing  the  relative  position  of  the  poles  of  the 
faces  on  a  plane  surface  by  a  beautiful  application  of  the  meth- 
ods of  stereographic  and  gnomonic  projection.  This  method  of 
representing  a  crystal  shows  very  clearly  the  relations  of  the 
parts,  and  was  undoubtedly  of  great  aid  to  Miller  in  assisting 
nim  to  generalize  his  deductions. 

•  From  the  outset  Professor  Miller  apprehended  more  clearly 
than  any  previous  writer  the  all-embracing  scope  of  the  great 
law  of  crystallography.     He  opens  his  Treatise  with  its  enun- 
ciation, and  from  this  law  as  the  fundamental  principle  of  the 
subject  the  whole  of  his  system  of  crystallography  is  logically 
developed.     Beyond  this  all  that  is  peculiar  to  Miller's  system  is 
involved  in  two  or  three  general  theorems.     The  rest  of  his 
*' Treatise"  consists  of   deductions  from    these  theorems  and 
their  application  to  particular  cases.     These  given  and  the  rest 
could  oe  at  once  developed  by  any  scholar  who  was  familiar 
with  the  facts  of  crystallography;  and  the  circumstance  that 
its  essential  features  can  be  so  briefly  stated  is  sufficient  to 
show  how  exceedingly  simple  the  system  is.      At  the  same 
time,  it  is  wonderfully  comprehensive,  and  the  student  who  has 
mastered  it  feels  that  it  presents  to  him  in  one  grand  view  the 
entire  scheme  of  crystal  forms,  and  that  it  greatly  helps  him 
to  comprehend  the  scheme  as  a  whole,  and  not  simply  as  the 
sura  of  certain  distinct  parts.     So  felt  Professor  Miller  him- 
self; and,  white  he  regarded  the  six  systems  of  crystals  of  the 
German  crystallographers  as  natural  divisions  of  the  field,  he 
considered   that  these   divisions   were   bounded    by   artificial 
lines  which  have  no  deeper  significance  than  the  boundary  lines 
on  a  map.     How  great  the  unfolding  of  the  science  from  Haiiy 
to  Miller,  and  yet  now  we  can  see  the  great  fundamental  ideas 
shining  through  the  obscurity  from  the  first.     What  we  now 
call  the  parameters  of  a  crystal  were  to  Haiiy  the  fundamental 
dimensions  of  his  "  integrant  molecules,''  our  indices  were  his 
"decrements,"  and  our  conceptions  of  symmetry  his  "funda- 
mental forms."     There  has  been  nothing  peculiar,  however, 
in  the  growth  of  crystallography.     This  growth  has  followed 
the  usual  order  of  science,  and  here  as  elsewhere  the  early  gross 
material  conceptions  have  been  the  stepping  stones  by  which 
men  rose  to  higher  things.     In  sciences  like  chemistry,  which 
are  obviously  still  in  the  earlier  stages  of  their  development,  it 
would  be  well  if  students  would  bear  in  mind  this  truth  of 
history,  and  not  attach  undue  importance  to  structural  formulae 
and  similar  mechanical  devices,  which,  although  useful  for  aid- 
ing the  memory,  are  simply  hindrances  to  progress  as  soon  as 
the  necessity  of  such  assistance  is  passed.     And  when  the  life 
of  a  great  master  of  science  has  ended,  it  is  well  to  look  back 
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over  the  road  he  has  traveled,  and  while  we  take  courage 
his  success  consider  well  the  lesson  which  his  experience  h 
to  teach  ;  and.  as  progress  in  this  world's  knowledge  has  ev 
been  from  the  gross  to  the  spiritual,  may  we  not  rejoice; 
those  who  have  a  great  hope. 

Although  the  exceeding  merit  of  the  **  Treatise  on  Crjsta 
lography"  casts  into  the  shade  all  that  was  subordinate,  we  mm 
not  omit  to  mention  that  Professor  Miller  published  an  earl 
work  on  Hydrostatics  and  numerous  shorter  papers  on  Mini 
ralogy  and  Physics,  which  were  all  valuable,  and  constant! 
contained  important  additions  to  knowledge.  Moreover,  th 
"New  Edition  of  Phillips'  Mineralogy"  which  he  published ii 
1852  in  connection  with  H.  J.  Brooke,  owed  its  chief  value  t 
a  mass  of  crystal lographic  observations  which  he  had  rnad 
with  his  usual  accuracy  and  patience  during  many  years  am 
there  tabulated  in  his  concise  manner.  As  has  been  said  bj 
one  of  his  associates  in  the  Royal  Society,  "it  is  a  monumen 
to  Miller's  name  although  he  almost  expunged  that  name  fron 
it.*  It  is  due  to  Professor  Miller's  memory  that  his  work 
should  be  collated,  and  especially  that  by  a  suitable  commen 
tary  his  "  Tract  on  Crystallography"  should  be  made  accessibi* 
to  the  great  body  of  the  studente  of  physical  science,  wh( 
have  not  as  a  rule  the  ability  or  training  which  enables  then 
to  apprehend  a  generalization  when  solely  expressed  in  mathe 
matical  terms.  The  very  merits  of  Professor  Miller's  book  ji 
a  scientific  work  renders  it  very  difficult  to  the  aVerage  student 
although  it  only  involves  the  simplest  form  of  algebra  m 
trigonometry. 

Independence,  breadth,  accuracy,  simplicity,  humility,  cour 
tcsy  are  luminous  words  which  express  the  character  of  Pro 
fessor  Miller.  In  his  genial  presence  the  young  student  fel 
encouraged  to  express  his  immature  thoughts,  which  were  snn 
to  be  treated  witli  consideraiion,  while  from  a  wealth  of  knowl 
edge  the  great  master  made  the  error  evident  by  making  iIh 
truth  resplendent.  It  was  the  greatest  satisfaction  to  the  in 
experienced  investigator  when  his  observations  had  been  con 
firmed  by  Professor  Miller,  and  he  was  never  made  to  fee 
discouraged  when  his  mistakes  were  corrected.  The  writer  o 
this  notice  regards  it  as  one  of  the  great  privileges  of  hi: 
youth,  and  one  of  the  most  importiint  elements  of  his  educa 
tion,  to  have  been  the  recipient  of  the  courtesies  and  counse 
of  three  great  Englishmen  of  science,  who  have  always  beei 
"his  own  ideal  knights,"  and  these  noble  knights  were  Fara 
dav,  Graham  and  Miller. 

♦Obituary  Notices  from  tlic  ProreedingH  of  tlio   Royal  Society,  No.  2(m;  IS>0 
to  wliicli  the  writer  has  been  in(leV>te(l  for  several  biographical  details. 
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X. — Preliminary  Note  on  the  Existence  0/ Ice  and  other 
'I  the  Suliil  State  at  Temperalnres  far  above  their  ordin- 
ing  Poii-tf;  by  THOMAS  Carnelley,  D.Sc.,  Profes- 
hemistrj'  in  Firth  College.  Sheffield.* 

iresent  eommunication  I  have  the  honor  to  lay  before 
Society  a  detailed  deHcriplion  of  experiment,  prov- 
nder  certain  conditions  it  is  possible  for  ice  and  other 
ixist  in  the  solid  state  at  temperatures  far  above  their 
iclting  points.  On  a  future  occaaion  I  hope  to  sub- 
Society  a  full  account  of  the  investigation  of  -which 
rimente  form  a  part,  together  with  the  conclusions  to 
therefrom.  The  bodies  whose  behavior  I  propose  to 
present  are  ice  imd  mercuric  chloride. 

Ice. 
use  of  ice  the  great  difficulty  to  be  overcome  is  to 


he  pressure  in  the  containing  vessel  below  i'ff™,  i.  e., 


II  of  ai|ueond  vapor  at  ilic  freezing  point,  for  it  will  be 
ierstood  that  if  the  ice  be  but  slightly  heated  the 
>f  vapor  given  ort'  would  soon  be  sufficient  to  raise  the 
bove  that  point  After  several  fruitless  attempts  the 
roll!  iho  Proceedrnga  of  Ihe  Royal  Society,  JaDUBry  6,  1S81. 
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following  plan,  involving  the  principle  of  the  cryophonis,  was 
adopted. 

A  strong  glass  bottle,  such  as  is  used  for  freezing  water  by 
means  of  Carry's  pump,  was  fitted  with  a  cork  and  glass  tubeC 
(fig.  1),  and  the  cork  well  fastened  down  by  copper  wire  and 
paraffin  wax.     A  and  C  were  then  filled  with  mercury,  and  C 
connected  with  the  end  of  the  tube  DE  by  means  of  the  piece 
of  stout  india-rubber  pump  tubing  B,  a  thermometer  having 
been  previously  attached  by  the  wire  x  to  the  lip  of  the  tube  at 
B.     The  connection  at  B  was  made  tight  by  fine  copper  wira 
The  tube  DE  was  about  one  inch  in  aiameter,  and  about  four 
feet  long  from  the  bend  to  the  end  E ;  after  connection  with  C 
it  was  completelv  filled  with  mercury,  care  being  taken  to  expel 
the  air  from  A,  6  and  DE  as  completely  as  possible ;  the  whole 
was  then  inverted  over  the  mercurial  trough  F,  as  shown  in  the 
figure,  when  the  mercury  fell  to  o,  the  ordinary  height  of  the 
barometer.     The  mercury  was  run  out  of  A  by  tilting  up  the 
bottle  and  inclining  the  tube  DE.     By  this  means  a  Torricel- 
lian vacuum  was  obtained  from  A  to  o.     DE  was  next  brought 
to  the  vertical,  and  the  bottle  A  placed  in  the  trough  P.    A  tin 
bottle  G  without  a  bottom  was  fitted  with  a  cork,  so  that  it 
might  slide  somewhat  stiffly  along  DE. 

To  begin  with,  the  tin  bottle  was  placed  in  the  position  6  and 
filled  with  a  freezing  mixture  of  salt  and  ice.  Some  boiled 
water  was  then  passed  up  the  tube  DE,  sufficient  to  form  a 
column  :it  M  about  two  inches  deep.  Thie  thermometer  H  had 
been  previously  arranged,  so  that  its  bulb  might  be  one  or  two 
inches  above  the  surface  of  the  water  M.  The  bottle  A ms 
next  surrounded  by  a  good  quantity  of  a  freezing  miztovaof 
salt  and  ice,  in  order  that  any  vapor  given  off  from  the  water  at 
M  might  be  condensed  in  A  as  tast  as  it  was  formed,  and  the 
internal  pressure  might  never  be  more  than  about  1^0  to  II?". 
When  A  had  been  sufficiently  cooled,  which  reauired  aboQt 
fifteen  minutes,  the  tin  vessel  G  was  slid  down  ttie  tabeDS, 
and  its  freezing  mixture  removed.  The  water  at  M  bad  tlwD 
solidified  to  a  mass  of  ice,  which  on  heating  with  the  flame  of  a 
Bunsen's  burner  melted  either  wholly  or  partially,  and  the 
liquid  formed  began  at  once  to  boil.  The  fusion  eommeiioed 
first  at  the  bottom  of  the  column  of  ice,  whereas  the  upper  part 
fused  only  with  difficulty,  and  required  rather  a  strong  rat 
The  fusion  in  this  case  was  probably  due  to  the  steam  evolfed 
from  the  lower  portions  of  the  ice  column  being  imprisoned  and 
unable  to  escape,  and  hence  producing  pressure  sufficient  to 
cause  fusion. 

When  the  greater  part  of  the  ice  had  been  melted  the  tube 
was  lightly  clasped  by  the  hand,  the  heat  of  which  was  suffi- 
cient to  produce  a  somewhat  violent  ebullition.     The  liquid  in 
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splashed  up  the  side  of  the  tube  and  on  to  the  bulb  of 
•mometer,  where  it  froze  into  a  solid  mass,  as  represented 
!.  By  this  means  the  ice  was  obtained  in  moderately 
^ers.  The  tube  at  the  points  indicated  by  the  arrows 
;n  strongly  heated  by  the  fiame  of  a  Bansen's  burner, 
e  following  results : — 

ice  attached  to  the  aides  of  the  tube  at  first  slightly  fused, 
!  the  steam  evolved  from  the  surface  of  the  ice  next  the 
eing  imprisoned  between  the  latter  and  the  overlying 
if  ice,  could  not  escape,  and  hence  produced  pressure 
it  to  cause  fusion,  but  ns  soon  as  a  vent-hole  had  been 
usion  ceased,  and  the  whole  remained  in  a  solid  state, 
tber  the  ice  on  the  sides  of  the  tube  nor  that  on  the  bulb 
thermometer  could  be  melted,  however  great  the  heat 
,  the  ice  merely  volatilizing  without  previous  melting, 
tnnometer  rose  to  temperatures  varying  between  120°  and 

different  experiments,  when  the  ice  had  either  wholly 
aed  or  had  become  detached  from  the  bulb  of  the  ther- 
sr.  The  ice  attached  to  the  latter  did  not  partially  fuse 
ommencement  of  the  heating  because,  the  neat  reaching 


3r  surface  of  the  ice  first,  eviipor:,tioii  could  take  place 
Eree  surface  and  the  vapor  not  become  imprisoned,  as 
case  with  the  ice  attached  to  the  sides  of  the  tube. 
3  experiments  were  repeated  many  times  and  always 
e  same  result,  except  in  one  case  in  which  the  heat 
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applied  bad  been  very  strong  indeed  and  the  ice  attacbed  to 
sides  of  the  tube  fused  completely.  On  removing  the  la 
however,  for  a  few  seconds  the  water  froze  again,  notwithsta 
ing  that  the  portion  of  the  glass  in  contact  with  it  was  so 
that  it  could  not  be  touched  without  burning  the  hand. 

The  chief  conditions  necessary  for  success  appear  to  be- 
That  the  condenser  (A,  fig.  1)  is  sufficiently  large  to  main(a\ 
good  vacuum.  In  the  present  case  the  capacity  was  ab 
three-quarters  of  a  liter;  (2)  That  the  ice  is  not  in  too  gi 
mass,  but  arranged  in  thin  layers.  Further,  in  the  case  wh 
the  heat  is  applied  to  the  under  surface  of  the  layers  of  ice, 
latter  must  be  sufficiently  thin  to  allow  of  a  vent-hole  be 
formed  for  the  escape  of  the  steam  coming  from  below,  oth 
wise  fusion  occurs.  When  the  heat  is  applied  to  the  free  s 
face  of  the  ice,  the  layers  may  be  much  tliicker. 

Mercuric  Chloride^ 

m.  p.=288%  re-solidifies  at  270-276',  b.  p.=303^ 

About  40  grs.  of  pure  mercuric  chloride  were  placed  iu  t 
tube  (A,  fig.  8),  and  a  thermometer  arranged  with  its  bulb  ii 
bedded  in  the  salt.  The  drawn-out  end  of  the  tube  wasco 
nected  by  a  stout  india-rubber  tubing  with  one  branch  of  tl 
three-wayed  tube  B,  while  the  other  was  attached  to  tl 
manometer  C.  B  was  connected  with  a  Sprengel  pump,  fitti 
with  an  arrangement  for  regulating  the  pressure. 

When  the  pressure  had  been  reduced  by  means  of  the  pun 
to  below  420™",  the  mercuric  chloride  was  strongly  heated  1 
the  flame  of  a  Bunsen*s  burner,  with  the  following  results: 

Not  the  slightest  fusion  occurred,  but  the  Fait  rapidly  su 
limed  into  the  cooler  parts  of  the  tube,  while  the  unvolatilizi 
portion  of  the  salt  shrank  away  from  the  sides  of  the  tubeai 
clung  tenaciously  in  the  form  of  a  solid  mass  to  the  bulb  of  tl 
thermometer,  which  rose  considerably  above  300°  C,  the  m( 
cury  of  the  thermometer  shooting  up  to  the  top  of  the  Htei 
After  slight  cooling  the  air  was  let  in,  and  under  the  increast 
pressure  thus  produced  the  salt  attached  to  the  bulb  of  tl 
thermometer  at  once  melted  and  began  to  boil,  cracking  tl 
tube  at  the  same  time. 

The  experiment  was  next  varied  as  follows : — 

About  the  same  quantity  of  chloride  was  placed  in  the  tul 
A,  fig.  3,  as  before,  and  heated  by  the  full  flame  of  a  Bunser 
burner.  The  lamp  was  applied  during  the  whole  of  this  expei 
raent,  and  the  size  of  the  flame  kept  constant  throughout  Tl 
mercuric  chloride  first  liquefied  and  then  boiled  at  303°  und 
ordinary  pressure,  and  while  the  salt  was  still  boiling  the  |)re 
sure  was  gradually  reduced  to  420™™,  when  the  boilin^^  m\ 
slowly  fell  to  275°,  at  which  point  the  mercuric  chloride  suduen 
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to  solidify,  and  at  270°  was  completely  solid,  the  pres- 
en  being  376™°  When  solidification  was  complete  the 
was  stopped  working,  but  the  heat  still  continued  to  the 
xtent  as  before.  The  salt  then  rose  rapidly  to  tempera- 
bove  that  at  which  a  thermometer  could  be  used,, but  not 
St  sign  of  fusion  was  observed.  From  the  completion  of 
lidification  to  the  end  of  the  experiment  the  pressure 
led  at  aBout  350°*°^.  » 

above  experiment,  which  was  repeated  three  times, 
therefore,  that  when  the  pressure  is  gradually  reduced 
he  ordinary  pressure  of  the  atmosphere  to  420°^,  and!the 
;  point  simultaneously  from  808°  to  275°,  the  salt  solidi- 
bile  it  is  still  boiling  and  in  contact  with  its  own  hot 
notwithstanding  that  it  is  being  strongly  .heated  at  the 
ime ;  and  that,  after  solidification  is  complete  at  270°,  the 
rature  then  rises  far  above  the  ordinary  boiling  point 
of  the  substance  without  producing  any  signs  of  fusion. 
•  ordinary  circumstances,  mercuric  chloride  melts  at  288° 
^solidifies  at  270°-275°,  i.  e.,  at  a  temperature  identical 
hat  at  which  it  solidifies  under  diminished  pressure,  as 
described. 

!  solid  mercuric  chloride  obtained  on  solidification  under 
mbined  influence  of  diminished  pressure,  and  the  applica- 
f  a  strong  heat  had  a  peculiar  appearance,  quite  dinerent 
b  produced  when  the  substance  is  allowed  to  solidify  in 
iinary  way.  It  appeared  to  consist  of  a  mass  of  pearly 
s  closely  packed  together  round  the  bulb  of  the  thermom- 

Y  final  explanation  of  these  phenomena  is  reserved  until 
r  experiments  have  been  made. 

Appendix. 

3e  writing  the  foregoing,  it  has  been  said  in  explanation 
3  phenomena  therein  described,  that  the.  thermometer, 
h  embedded  in  the  mass  of  ice,  did  not  really  indicate  the 
jmperature  of  the  latter.  With  the  object,  therefore,  of 
ig  whether  the  ice  is  hot  or  not,  I  have,  at  the  suggestion 
>fessor  Roscoe,  made  the  following  calorimetrical  deter- 
ion. 

I  arrangement  of  the  apparatus  was  so  modified,  that  the 
ter  being  strongly  heated,  could  be  suddenly  dropped  into 
rimeter  containing  a  known  quantity  of  water  of  known 
rature.  The  resulting  temperature,  after  the  ice  had 
Iropped  in,  was  read  off  by  a  thermometer  graduated  so 
indicate  a  diSerence  of  0°'05  C.  The  weight  of  the  ice 
)uud  by  re- weighing  the  calorimeter. 
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So  far,  I  have  only  had  the  opportunity  of  completing 
two  following  determinations,  and  in  the  second  of  these 
weight  of  the  ice  could  not  be  found,  as  a  small  quantitj 
water  was  lost  out  of  the  calorimeter,  owing  to  a  sudden  j 
at  the  moment  the  ice  entered  it : — 

(1.)  Weight  of  water  in  calorimeter,  including  the  value  of 
latter  =185  grms. 

Weight  of  ice  dropped  in  ^^I'S  grms. 

Temperature  of  oalorimeter  before =13*4 
»*  "  after=13-6 


Rise  in  temperature=  0*2 
M(d-Q       +       SOW     =W(T-d) 
(186)  X  0-2)  +  (80  X  1-3)=1*3(T- 13-6) 
.'.    T=  1 22"  C.     w here  T= temperature  of  ice. 

(2.)  Weight  of  water  in  calorimeter,  &c.=  185  grms. 

Temperature  of  calorimeter  before =12*7 
•»  "  after=12*8 

Rise  in  temperature=  0*1 

On  weighing  the  calorimeter  after  the  experiment,  the  i 
crease  in  weight  was  only  0*15  grams,  but  as  a  portion  of  t 
water  had  been  jerked  out  during  the  operation,  the  tr 
weight  of  the  ice  and  therefore  its  temperature  could  not 
found.  But  since  the  calorimeter  had  slightly  risen  in  temp 
ature,  the  ice  must  have  been  above  80°  C. 

From  the  nature  of  the  experiment,  as  carried  out  on  t 
present  scale,  the  weight  of  the  ice  which  can  be  dropped  ii 
the  calorimeter  is  only  small,  and  therefore  the  rise  in  tempe 
ture  is  but  slight.  But  since  a  fall  in  temperature  of  a  mu 
larger  amount  ought  to  have  been  obtained  had  the  ice  been 
0",  it  is  considered  that  the  above  experiments  are  conclusi 
Great  care  was  taken,  in  order  to  obtain  correct  temperatures 
the  calorimeter.  The  latter  was  inclosed  in  several  casings,  a 
the  water  was  allowed  to  stand  in  it  for  several  hours  befc 
the  experiment,  so  that  it  might  first  attain  the  temperature 
the  room,  while  the  time  which  elapsed  between  the  readings 
the  thermometer  before  and  after  the  ice  was  dropped  in  woi 
not  be  more  than  from  10  to  15  seconds. 

in  the  course  of  the  next  few  weeks  I  intend  to  make  one 
two  more  determinations,  and  if  possible,  on  a  larger  scale. 
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RT.  L. — Note  on  the  Oeohgy  of  the  Peace  River  Region  ; 
by  George  Mercer  Dawson,  Assistant  Director  Geological 
Survey  of  Canada. 

The  first  definite  knowledge  of  the  geological  features  of 
le  Peace  River  basin  was  obtained  in  1875.  In  that  year  Mr. 
telwyn,  Director  of  the  Geological  Survey  of  Canada,  setting 
ut  from  McLeod's  Lake,  in  British  Columbia,  descended  the 
'arsnip  and  Peace  Rivers  to  the  confluence  of  the  Smoky  with 
he  latter,  returning  by  the  same  route.  The  geographical  and 
geological  notes  published  in  the  report  of  the  expedition  have 
onstituted  the  basis  of  subsequent  work.  In  1879  the  Cana- 
lian  government  decided  to  ascertain  more  completely  than 
lad  previously  been  possible,  the  character  of  the  Peace  and 
'ine  Passes  through  tne  Rocky  Mountains  as  prospective  rail- 
way routes,  and  the  economic  value,  agriculturally  and  geolog- 
cally,  of  the  Peace  River  basin.  The  writer  represented  the 
reological  survey  on  the  expedition  of  that  year,  and  the  in- 
'ormation  now  obtained,  with  that  previously  alluded  to, 
enables  a  clear  general  idea  of  the  geological  features  of  the 
iistrict  to  be  formed.  The  geology  of  this  region  is  of  interest 
IS  representing  the  farthest  northern  portion  of  the  Mesozoic 
ntenor  continental  basin  yet  known  with  any  precision,  the 
jountry  examined  lying  chiefly  between  the  54th  and  57th 
Mirallels  of  north  latitude.  The  general  geological  result  of 
ie  exploration  is  the  preliminary  examination  of  a  section 
jxtending  from  the  Pacific  Coast  to  Edmonton,  on  the  Sas- 
catcbewan,  including  the  entire  Cordillera  belt,  between  the 
wrallels  above  mentioned,  with  a  length  in  all  of  about  700 
niles.  The  remarks  here  following  refer  to  the  eastern  portion 
)f  this  section  only. 

The  Rocky  Mountain  Range  about  the  sources  of  the  Peace 
s  narrow  and  comparatively  low,  the  higher  peaks  seldom 
ixceeding  6,000  feet  It  is  chiefly  composed  of  limestones  in 
nassive  beds,  which  are  underlain  by  saccharoidal  quartzites, 
ind  overlain  on  the  west  by  micaceous  and  plumbaginous 
chists.  In  .some  of  the  limestone  beds,  fossils  of  Devonian 
ige  have  been  found,  the  most  abundant  form  being  Atrypa 
tticularis,  a  shell  widely  distributed  over  the  Mackenzie  River 
Iistrict  farther  to  the  north.  The  beds  of  the  mountains  have 
;eDeral  westerly  dips,  and  overturned  folds  probably  occur. 
)n  the  east  side  of  the  range,  on  both  Peace  and  Pine  Rivers, 
lard  dark  calcareous  beds  are  found  holding  Monotis  subcircu- 
lam,  a  form  characteristic  of  the  "  Alpine  Trias  "  of  Nevada 
md  California,  and  found  also  in  several  places  on  the  British 
Colambian  Coast 
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To  the  east  of  these  beds  of  the  mountains,  and  resting  qui 
unconformably  on  them,  are  the  Cretaceous  rocks,  which,  I 
tween  the  mountains  and  the  eastern  outcrop  of  the  Devoni; 
rocks  on  the  Lower  Peace,  occupy  a  basm  with  a  width 
nearly  850  miles,  implying  a  Cretaceous  sea  of  that  width. 

The  Rocky  Mountains  have  here  formed  a  shore-line  in  Ci 
taceous  times, — though  probably  not  a  continuous  one— ai 
the  Cretaceous  rocks  along  their  eastern  base  are  almost  e 
tirely  sandstones  and  conglomerates,  the  constituent  fragraen 
of  which  can  be  traced  to  the  cherts  and  quartzites  accomp 
nying  the  limestones  of  the  mountains.  The  mountains  ai 
bordered  to  the  east  by  foot-hills,  in  which,  on  the  upper  pai 
of  Pine  River,  for  a  distance  of  about  fifteen  miles  from  th 
older  rocks,  the  Cretaceous  sandstones  are  folded  and  dig 
turbed.  The  disturbance,  however,  gradually  diminishes  oi 
receding  from  the  mountain?,  and  the  beds  at  length  becomt 
flat,  or  are  affected  by  very  slight  and  broad  undulations  odIj 
Slaty  materials  increase  in  importance  eastward,  and  the  Ore- 
taceous  series  eventually  resolves  itself  into  the  following 
subdivisions — clearly  shown  on  Smoky  River — which  in  the 
annexed  table  are  placed  opposite  their  supposed  eauivalenta 
in  Meek  and  Uayden^s  ana  the  Southern  Rocky  Mountain 
sections. 

Upper,  or  Wapiti  River  Sandstones,  |    Fox  Hill  (and  Laramie?) 

Upper,  or  Smoky  River  Shales, 
Lower,  or  Dunvegan  SaiidHtoues, 
Lower,  or  Ft.  St.  John  Shales, 


The  correlation,  as  above  shown,  is  based  partly  on  paleon 
tological  evidence,  and  partly  on  lithological  resemblance 
That  the  upper  Shales  represent  the  Pierre  group  is  quite  clear 
as  a  large  number  of  characteristic  fossils  of  this  stage  have 
been  obtained  on  Smoky  River.  No  fossils  have  been  found 
in  the  overlying  sub-division.  The  fossils  of  the  lower  Sand 
stones  are  peculiar,  consisting  chiefly  of  fresh-water  and  estua 
rine  mollusks  and  land  plants.  In  the  lower  Shales  the  mosl 
characteristic  form  is  a  large  Ammonite  resembling  Ammomh 
{Prionocydns)  WooJgan\  but,  according  to  Mr.  Whiteaves,  spe 
eifically  distinct  The  Peace  River  country  being  so  remote 
from  the  typical  region  of  the  Cretaceous  sub-divisions,  it  is  not 
intended  to  insist  on  their  precise  synchronism  with  the 
groups  here  mentioned,  but  merely  to  point  out  a  probable 
general  equivalency.     No  beds  so  low  as  the  Dakota  group 
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&ve  yet  been  found  in  this  region,  though  it  is  probable  that 
ley  occur  on  the  Peace  below  the  confluence  of  the  Smoky. 
The  lithological  resemblance  of  the  shales  of  the  Upper  and 
iower  sub-divisions  to  those  of  the  Pierre  and  Benton  sub- 
ivisions  is  exceedingly  close.  It  is  probable  that  these  mark 
yeriods  of  general  submergence,  when  sediment-bearing  cur- 
«nts  passed  freely  through  the  interior  continental  valley. 
Elevation  is  known  to  have  been  in  progress  during  the  Nio- 
brara period  in  the  Rocky  Mountain  region  to  the  south,  and 
in  the  Dunvegan  Sandstones,  we  may  see  an  indication  of 
the  elevation  of  land  surfaces  to  the  north  and  west,  which 
interrupted  these  currents  and  allowed  the  undisturbed  deposi- 
tion of  the  calcareous  Niobrara  beds  of  the  south  and  east  of 
the  interior  continental  region. 

The  fossils  of  the  Lower  or  Dunvegan  sandstones  are  of 
special  interest,  giving  us  a  number  of  fresh-water  moUusks 
and  laud-plants  of  a  stage  of  the  Cretaceous,  previously  almost 
unrepresented  in  these  respects.  The  fresh-water  mollusks 
closely  resemble  those  of  the  Laramie  group,  and  the  plants, 
while  showing  a  close  analogy  with  .those  of  the  Dakota  group, 
help  to  fill  a  gap  in  time  between  these  and  those  of  the  Vancou- 
ver (Chico)  Cretaceous,  and  the  Laramie  and  Fort  Union. 
They  include  species  of  Cycadites,  Magnolia,  Protophyllum,  Se- 
juoia,  Olyptostrobui  gi*acillimus,  etc.,  which  will  be  described  in 
the  forthcoming  Report  of  Progress  of  the  Geological  Survey. 

In  1872,  Professor  Meek  described  a  series  of  beds  at  Coal- 
ville, Utah,  which  appear  to  have  been  formed  at  the  edge  of 
the  Cretaceous  sea,  at  the  mouth  of  a  small  river,  and  hold 
fresh-water  mollusks.  The  fossils  from  these  beds  represent  a 
stage  somewhat  higher  in  the  Cretaceous  than  those  of  the 
Dunv^an  rocks,  but  closely  resemble  them  and  those  of  the 
overlying  Laramie  series.  Bracfiydontes  muUilinigera  of  the 
Coalville  section,  is  found  in  several  places  in  the  Dunvegan 
bedsL  After  remarking  on  the  peculiar  character  of  this 
huna,  Meek  writes:*  "Here  we  have,  from  beds  certainly 
}verlaid  by  one  thousand  feet  of  strata  containing  Cretaceous 
;ypes  of  fossils,  a  little  group  of  forms,  presenting  such  modern 
imnities  that,  if  placed  beiore  any  paleontologist  unacquain- 
jeA  with  the  facts,  they  would  be  at  once  referred  to  the 
Tertiary." 

In  the  Peace  River  district  we  find,  instead  of  a  merely 
local  intercalation  of  this  kind,  a  widely-extended  series  of 
beds  of  Cretaceous  age,  persistently  holding  fresh-water  and 
estaarine  types  of  mollusks  and  land  plants. 

The  chief  evidence  going  to  prove  the  Tertiary  age  of  the 
Laramie  and  Fort  Union  beds,  after  that  aflforded  by  the  plants, 

♦  U.  S.  Geol.  Survey  of  Territories,  1«72,  p.  435. 
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has  been  found  in  the  Tertiary  aspect  of  the  moUasks,  m 
which  are  fresh  or  brackish -water  forms.  Hitherto  littl 
been  known  of  the  fresh -water  fauna  of  the  undoubted  ' 
taceous,  but  if  this  should  prove  to  have,  as  now  appears  ] 
ble,  a  "  Tertiary "  aspect  throughout,  it  will  tend  to 
down  the  molluscan  evidence  of  the  Tertiary  age  of  the 
mie,  and  unite  this  formation  still  more  closely  witi 
underlying  beds. 

Montreal,  March  1,  1881. 


Art.   LL — On    the  Shadows  obtained   during   the    Qhw 
charge ;  by  H.  B.  Fine  and  W.  F.  Magie. 

It  is  well  known  that  a  body  interposed  between  the 
of  a  Holtz  machine  causes  a  so-called  electrical  shado 
appear  upon  the  positive  glow.  We  believe,  however, 
the  fact  that  a  similar  shadow  can  be  obtained  upon 
negative  glow  has  not  yet  been  published.  These  appear 
seemed  of  some  importance  as  offering  a  further  proof  o 
essential  similarity  of  the  positive  and  negative  dischj 
The  following  points  with  reference  to  them  may  be  of 
interest 

The  glow  was  best  obtained  on  either  electrode  whei 
other  terminated  in  a  point,  the  positive  glow  showii 
better  advantage  on  the  smaller,  and  the  negative  glow  o 
larger  of  the  two  balls  usually  employed  as  terminals.  V 
ever  either  the  positive  or  negative  glow  was  establish 
well  defined  shadow  was  cast  upon  it  by  any  body,  prefe 
a  non-conductor,  interposed  between  the  electrodes.  By 
ful  manipulation,  the  smaller  ball  being  used  as  positiv 
larger  as  negative  terminal,  both  glows  were  obtained  a 
same  time,  and  shadows  could  be  made  to  appear  upon 
simultaneously.  The  observations  of  Professor  Wright 
the  positive  shadow  were  verified  and  found  to  hold  fc 
negative  also;  and,  in  fact,  all  the  phenomena  obtainable 
the  one  were  likewise  characteristic  of  the  other. 

These  shadows,  in  general,  whether  positive  or  negi 
represent  closely  the  outline  of  the  interposed  object 
however,  the  lines  of  electrical  action  be  deflected  b^ 
presence  of  a  conductor,  the  form  of  the  shadow  is  all 
We  could  not  effect  any  such  alteration  by  merely  blc 
across  the  field. 

The  size  of  the  shadow  varies  with  the  tension  or 
electrode,  becoming  smaller  as  this  is  heightened.     This  fi 

*  Tbis  Journal,  II,  xlix,  381. 
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illustrated  by  touching  the  electrode  upon  which  the  slow 
3,  and  then  removing  the  hand.  The  shadow,  which 
>  covers  almost  the  whole  surface  of  the  ball,  rapidly 
3hes  as  the  tension  rises.  The  size  of  the  shadow  further 
Is  on  the  distance  of  the  interposed  object  from  the 
g  electrode,  though  the  relations  of  size  and  distance 
not  be  very  definitely  determined.  When  the  point 
ill  were  used  as  terminals,  the  shadow  appeared  greatest 
he  interposed  object  was  near  either  electrode  and  least 
it  was  half  way  between  them.  When  the  two  balls 
3ed  and  both  glows  established  at  once,  and  generally 
he  discharge  opposite  the  glow  came  from  several  points, 
idow  decreasea  regularly  as  the  interposed  object  was 
removed. 

ould  not  be  proper  for  us  to  omit  mention  of  the  fact 
rofessor  C.  A.  Young  has  since  informed  us  that  he 
I  the  existence  of  the  negative  shadow  several  years  ago. 

^reen  School  of  Science,  Princeton,  N.  J. 


[jII.  —  Note  on  a  New  Form  of  Galvanometer  for  Pow- 
Currents;  by  Professor  C.  F.  Brackbtt,  College  of 
Jersey. 

very  powerful  currents  produced  by  large  dynamo- 
les  are  not  easily  estimated  by  the  appliances  usually 
in  the  physical  laboratory. 

various  forms  of  the  electro-dynamometer,  the  cosine 
Dmeter  and  some  other  special  forms  of  apparatus  may  of 
be  employed  with  satisfactory  results.  ITone  of  these 
lents  being  in  the  collection  at  Princeton,  it  was  deter- 
to  construct  a  galvanometer  which  should  obey  the  law 
ents  and  yet  not  be  so  large  as  to  be  unwieldy.  In 
X)  this,  recourse  was  had  to  the  diflferential  principle, 
nstruciion  is  as  follows  : 

stout  hoops  of  copper  or  brass  of  diflferent  diameters  are 
cactly  turned  in  the  lathe.  They  are  then  each  cut  open 
point  and  joined  to  each  other  concentrically,  by  solaer- 
th  hard  solder,  between  the  ends  on  one  side  of  the  cut, 

of  metal  having  the  same  cross  section  as  that  of  the 
and  of  suitable  length.  At  several  other  points  are 
i  between  the  hoops  pieces  of  hard  rubber  of  proper 
3SS,  which  serve  to  keep  them  truly  concentric, 
three  ends  of  the  system  thus  arranged  and  set  upright 
•oper  base  board  are  joined  to  binding  screws, 
ill  be  seen  that  the  differential  action  on  a  needle  placed 
center,  or  on  the  axis  of  the  hoops  passing  through  their 
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center,  depends  on  the  different  distances  of  two  equa" 
opposite  currents.  It  is  evident  also  that  the  instrunaent 
be  used  as  a  simple  tangent  galvanometer. 

Thus  if  we  call  the  free  ends  of  the  hoops  A  and  B  n 
tively,  and  the  point  of  juncture  C,  by  joining  up  a  c: 
through  A  and  B  we  get  the  differential  action  ;  but  by  jo 
up  through  C  and  A  or  B,  the  action  is  that  of  a  simple  tai 
galvanometer.  If  r  and  r'  represent  the  radii  of  the  oute 
inner  hoops  respectively,  the  ordinary  formula  becomes 

Iz=      ^^'   ^xHtanc? 

2;r(r— r) 

when  the  instrument  is  used  differentially. 

An  instrument  has  been  constructed  at  the  J.  C.  G 
School  of  Science  for  its  Physical  Laboratory  of  dimensio 
follows : 

Diameter  of  outer  hoop 10*9  ^ 

Diameter  of  inner  hoop 9*96*^ 

Width  of  each  hoop 28  °" 

Thickness  of  each  hoop 0-85"* 

The  theoretical  constant  of  this  instrument  agrees  very  cl( 
with  that  ascertained  experimentally  by  means  of  the  \ 
meter.  The  needle  which  is  usually  suspended  in  the  cent 
the  hoops,  may,  if  desired,  in  order  to  measure  exceedi 
powerful  currents,  be  moved  along  their  axis  to  any  reqi 
distance  on  one  side.  The  constant  is,  in  that  case,  e 
found  by  an  obvious  modification  of  the  formula, 

Princeton,  March  10,  1881. 


SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  071  the  Chlorhydrates  of  Metallic  Chlorides, — Compc 
formed  by  tlie  union  of  hydrochloric  acid  with  metallic  chic 
have  been  described,  but  they  have  been  very  imperfectly  stu 
Since  these  bodies  appear  to  perform  an  important  part  in  c( 
reactions,  Berth klot  has  investigated  them,  both  chemicall 
thermally.  By  the  prolonged  action  of  hydrochloric  aci( 
upon  a  solution  of  cadmium  chlonde  saturated  in  the  cold,  a 
defined  and  crystallized  body  CdCl,(HCl),(H,0),  is  obtf 
which  fumes  in  the  air  and  loses  hydrochloric  acid  ;  but 
cadmium  chloride  absorbs  this  gas  even  when  fused  the  dis 
tion  is  not  complete  at  a  red  heat.  Thermally  CdCl  -f-( 
gas  ^(H^O),  liquid,  evolves  -|-40-2  calories;  with  solid  t 
+30  calories.  Bromhydrate  of  bromide  of  cadmium  anc 
iodliydrate  of  iodide  of  cadmium  were  also  obtained  in  bea 
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orvstais.     lodhydrate  of  lead  iodide,  and   iodhydrate   of   silver 

iodide,   the  former  PbI,(HI),(H,0).   and   the   latter    rAgI,HI), 

(H,0),,  were  prepared  by  dissolving  the   iodides   in   nydriodic 

•cid.     The  first  of  these  evolves  23'3  calories,  the  second  21*6 

calories.     The  actual  existence  of  such  bodies  is  therefore  beyond 

qaestioD.     By  reason  of  the  heat  of  their  formation,  and  their 

oonditions  of  dissociation,  they  determine  many  reactions  hitherto 

inexplicable ;  such  for  example  as  the  decomposition  of  mercurous 

chloride  by  hydrochloric  acid:  Hg,Cl,+nHCl=HgCl,nHCl+Hg. 

^ow  it  appears  that  Hg,Cl,=HgCl,  solid  +Hg  liquid  absorbs 

19  calories ;  and  hence  the  reaction  results  from  the  formation  of 

a  cblorhydrate  of  mercuric  chloride  which  evolves  more  heat  than 

19  calories.     The  production  of  these  compounds  also  plays  an 

important  part  in  tne  reduction  of  metallic  chlorides  by  hydrogen. 

^BvIL  Soc.  Ch.,  II,  XXXV,  291,  March,  1881.  g.  f.  b. 

%  On  a  Characteristic  color-reaction  of  the  Sulph-hydrates, — 
Cusssox  has  confirmed  the  reaction  observed  by  Andreasch,  i.  e., 
the  production  of  a  deep  red  color  when  ferric  chloride  is  added 
to  a  solution  of  a  thioglycolate,  and  has  considerably  extended  it, 
l)y  showing  that  it  belongs  not  to  thioglycolic  acid  alone  but  is  a 
general  reaction  characterizing  all  suTphhydrates  both  inorganic 
and  organic,  including  the  well  known  sulphocyanate  test.  Sul- 
fides and  disulphides  give  no  color  with  ferric  chloride.  The 
following  sulphhydrates  react  with  it  to  produce  the  colors  given : 
imlphbyarate  of  methyl,  of  ethyl,  of  amyl,  of  benzene,  of  toluene, 
toluene  disulphhydrate,  and  Thiacetic  acid  give  a  dark  red-brown 
color;  thioglycolic  and  thiolactic  acids  a  dark  red-violet ;  sulpho- 
cyanates  a  dark  red ;  hyposulphites  the  same ;  alkali  and  alkali- 
earth  sulphhydrates  a  green  color.  Tlie  test  is  applied  by  dissolv- 
ing the  substance  in  water  or  alcohol,  adding  some  ammonia,  and 
then  a  few  drops  of  a  very  dilute  ferric  chloride  solution.  The 
color  appears  immediately,  but  owing  to  reduction  of  the  iron,  it 
disappears  in  a  short  time. — Ber,  Berl,  Chem,  Ges,^  xiv,  411, 
Marcn,  1881.  o.  f.  b. 

3.  On  the  Composition  of  Sodium  Ifyposulphite.'^^^BERiiTHSKii 
some  time  ago  proposed  a  quantitative  method  for  the  determina- 
■  tion  of  hyposulphite  of  sodium  founded  on  the  decolorization  of 
an  ammoniacal  solution  of  copper  sulphate,  indigo-carmine  being 
wed  as  an  indicator.  He  has  now  examined  this  body  anew  and 
has  sought  to  determine  its  composition  by  a  method  different 
from  that  used  by  Schtttzenberger.  To  the  solution  obtained  by 
the  action  of  zinc  on  hydro-sodium  sulphite,  chloride  of  barium 
was  added  to  precipitate  the  sulphurous  and  sulphuric  acids. 
The  filtered  solution  contained  sodmm,  barium  and  zinc  hyposul- 

thites,  with  only  a  trace  of  thiosulphate.  By  converting  the 
yposulphite  into  sulphate  by  means  of  iodine,  determining  care- 
fttlly  both  the  iodine  used  and  the  sulphuric  acid  formed,  it  ap- 
peared that  each  sulphur  atom  in  the  hyposulphite  required  three 

*The  author^  foUowlDg  Roscoe,  uses  the  name  "hyposulphite"  for  the  hydro- 
ndphite  of  Sch&tzenberger,  and  giveB  the  name  '^  thiosulphate"  to  the  old  hypo- 
a^ihite. 
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iodine  atoms  to  convert  it  into  salphuric  acid.  Hence  the  slate 
of  oxidation  in  the  hyposulphite  is  represented  by  the  formali 
S,0,.  So  from  the  cuprous  salt  resulting  from  the  reduction  of 
ammoniacal  cupric  sulphate  by  which  the  hyposulphite  is  ooo* 
verted  into  sulphite,  it  appeara  that  to  every  two  atoms  of  solphnr 
in  the  hyposulphite  one  atom  of  oxygen  is  necessary :  S,0,-|-0= 
(SO,),.  Estimating  now  the  ratio  of  bases  to  sulphur  in  the  sola- 
tion,  there  appeared  one  of  base  to  one  of  sulphur.  The  simplest 
formula  would  therefore  be  NaSO,.  But  from  the  dibasic  cha^ 
acter  of  the  sulphur  acids  this  should  probably  be  doubled  Na^ 
S,0^.     Its  formation  is  given  in  the  equation : 

Zn+(HNaSO,),=ZnSO,+Na,SO,+Na,S,0,+(H.O), 

— Ber.  Bert,  Chem,  Ges.^  xiv,  438,  March,  1881.  g.  p.  b. 

4.  On  the  Ignition  of  Combustibles  by  Nitric  Acid, — ^The  m- 
pression  is  a  very  general  one  that  nitric  acid,  even  of  1*52  gnv> 
ity,  will  not  inflame  ordinary  combustibles.  Kbaut,  however, 
having  made  some  experiments  on  the  subject,  gives  a  method  by 
which  sawdust,  straw,  hay,  tow  or  shavings  may  be  easily  ignited 
by  means  of  nitric  acid.  A  wooden  box  25^  square  and  40* 
high  is  filled  to  a  height  of  15  to  20^*"  with  one  of  the  above  meo- 
tioned  combustibles.  On  this  a  beaker  or  flask  is  placed  contain- 
ing 25  to  100<^'"  of  nitric  acid  of  at  least  1*5  sp.  gr.  and  the  box  ii 
then  filled  with  the  material.  The  glass  is  now  broken  and  a 
wooden  cover  placed  on  the  box.  In  one  or  two  minutes,  vapon 
arc  visible.  A  thick  white  smoke  appears  a  little  later  and  then 
the  odor  of  the  burning  material  is  observed.  If  after  five  or  ten 
minutes  the  box  be  opened,  the  interior  is  filled  with  a  burning 
mass  which  bursts  into  flame  on  the  access  of  air. — Ber,  Bm, 
Chem,  Ges.,  xiv,  301,  Feb.  1881.  g.  f.  b. 

5.  On  Pernitric  Oxide, — In  experimenting  upon  the  silent  elec- 
trical discharge  and  the  eflects  produced  by  it,  Berthelot 
observed  that  a  mixture  of  oxygen  and  nitrogen  tetroxide  became 
decolorized  under  its  action ;  but  that  the  resulting  compoaud 
was  slowly  decomposed,  reproducing  the  orange  vapor.  That  the 
new  compound  of  nitrogen  and  oxygen  thus  obtained  was  not  uitric 
oxide  (NO  J  was  proved  by  exposing  it  to  a  freezing  mixture ; 
no  crystals  were  foimed  as  would  have  been  the  case  had  it  been 
N,()j,.  At  St.  Claire  Deville's  suggestion  Hautefeuille  and  Chap- 
puis  have  repeated  Berthelot's  experiment  and  have  examined  tue 
product  with  the  spectroscope.  They  find  in  the  decolorized  mix- 
ture characteristic  bands,  which  seems  to  confirm  the  supposed 
existence  of  pernitric  oxide. — A7in,  Chim,  Phys,^  V,  xxii,  432, 
March  1881.  G.  F.  R 

6.  On  the  Atomic  Weight  of  Platinum, — The  atomic  weight 
generally  assumed  for  platinum  varies  between  196  and  198 
and  rests  upon  the  determinations  of  Berzelius  (1826)  and 
Andrews  (1862).  The  former  decomposed  potassium  -  platinuDi 
chloride  by  igniting  it  in  a  stream  of  hydrogen.  From  the  ratio 
of  Pt  to  KCl,  the  at.  wt.  196*705  was  obtained;  from  the  amount 
of  Pt  in  the  salt,  196*98;  and  from  the  loss  of  weight  by  redufr 
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7*234.     Andrews  digested  the  potassium-platinum  chloride 
c ;  weighed  the  platinum  precipitated  and  determined  the 

in  the  solution.  He  obtained  lO'/'SS  as  a  mean.  Seu- 
>8ennng  that  in  the  periodic  systems  of  classification  of 
Meyer  and  Mendelejen  platinum  comes  before  gold  while 
^e  atomic  weight  puts  it  after  this  metal,  has  undertaken  a 

of  the  atomic  weight  of  platinum.  The  pure  metal  was 
1  by  Schneider's  method,  which  depends  on  the  fact  that 
irmed  with  excess  of  sodium  hydrate,  the  tetrachlorides  of 
»latinum  metals  except  platinum  itself,  are  converted  into 
ilorides  not  precipitable  by  alkali  chlorides.     The  solution 

re^ia  was  therefore  evaporated  to  expel  excess  of  nitric 
xea  with  sodium  hydrate  solution  and  boiled  for  a  long 
)n  addition  of  HCl,  an  olive  green  precipitate  of  iridium 
loride  fell  down,  and  the  filtered  solution  treated  with  a 
tion  of  ammonium  chloride,  gave  a  heavy  precipitate  of 
am-platinum  chloride.  By  ignition,  this  precipitate  left 
ns  of  a  bright  gray  platinum  sponge,  which  was  dissolved 

regia  and  the  solution  evaporated  and  then  diluted  to 
Pure  potassium  chloride  was  prepared  from  pure  crystal- 
dro-potassium  carbonate  by  solution  in  hydrochloric  acid ; 
llization  and  fusion.  The  ammonium  cnloride  was  puri- 
the  method  of  Stas.  For  preparing  the  double  salts  four 
ve  operations  were  used :  In  the  first,  the  concentrated  solu- 
he  alkali  chloride  was  poured  into  the  moderately  dilute 
tion  containing  the  calculated  quantity  of  metal,  and  the 
ite  thoroughly  washed  and  dried,  at  150°  to  160°  for  the 
m,  and  100°  to  110°  for  the  ammonia  salt.  The  double 
jre  reduced  by  hydrogen  and  the  platinum  washed.  In 
md,  this  platinum  sponge  was  dissolved  in  dilute  aqua 
aporated  with  HCl,  dissolved  in  acidulated  water,  concen- 
o  crystallization  while  a  current  of  chlorine  was  passed 

it,  the  drained  crystals  dissolved  in  acidulated  water, 
to  a  definite  volume  and  divided  into  ]^alves.  Each  was 
to  a  liter,  cooled  and  poured  into  a  liter  of  alkali  chloride 
also  cooled,  containing  50  grams  of  the  ammonium  and  60 
3tassium  salt.  Both  salts  were  recrvstallized  and  reduced 
•ogen.     In  the  third,  the  sponge  was  dissolved  in  HCl, 

being  continuously  passed  mto  the  solution,  the  platinum 
ited  as  double  salt,  recrystallized  and  ignited.  In  the 
the  solutions  were  more  dilute  and  the  alkali  chlorides 
excess.  The  final  yield  of  double  chlorides  was  analyzed 
ng  the  salt  placed  in  a  boat  of  porcelain,  in  a  current  of 
n.     The  final  values  obtained  were  (A)  for  the  ammonium 

by  the  platinum  determination  194-68495,  194*03928, 
)7,  195*03374,  in  four  experiments;  (b)  by  chlorine  estima- 
5*33013 ;  (B)  for  the  potassium  salt  (a)  by  platinum 
)0;  (b)  Pt:  KCl,  194-49368;  (c)  Pt:  CI,  194*63088;  or  as 

194*62003.  After  introducing  corrections  and  reducing 
cuum  the  mean  value  obtained  is  194*34050;  which  the 
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author  regards  as  the  atomic  weight  of  Platinum. — hUbig^s  Ann,^ 
ccvii,  1,  Feb.,  1881.  G.  F.  B. 

7.  On  a  Compound  formed  by  Camphor  with  Alcohol, — ^The 
production  of  a  liquid  compound  by  the  union  of  camphor  with 
hydrochloric,  nitric  or  sulphurous  acid,  is  well  known.  Ballo 
has  observed  the  same  phenomenon  with  alcohol.  When  an  ex- 
cess of  camphor  is  heated  with  alcohol  of  a  certain  concentration, 
the  portion  remaining  undissolved  fuses  and  collects  above  or  be- 
low the  solution,  according  to  the  gravity  of  the  alcohol.  With 
alcohol  of  0*8844  the  camphor  solution  boils  at  SS'?**  and  the  cam- 
phor fuses  above  this  point ;  the  fused  camphor  is  heavier  thao 
the  solution.  At  0'892'7,  the  solution  boils  at  85°,  and  the  cam- 
phor fuses  at  85°.  At  0*9065,  the  boiling  point  is  82®  and  the 
fusing  point  71°,  the  specific  gravity  oi  tne  solution  and  the 
melted  camphor  being  nearly  equal.  At  0*92'77,  the  boilinj^  poht 
iH  85°  and  the  fusing  point  69°,  the  melted  camphor  now  noatiog 
on  the  solution.  At  0*9698  the  boiling  point  is  86°-87°,  the  fus- 
ing point  66°-67°.  At  0*9763,  both  points  are  at  89°.  Hence  it 
appears  that  the  limits  between  which  camphor  fuses  in  common 
alcohol  are  comprised  between  36  and  66  per  cent  of  absolate 
alcohol.  There  appears  to  be  more  than  one  definite  compound 
of  camphor  and  alcohol  formed,  since  the  fusing  point  varies  from 
66°  to  71°.  After  cooling,  the  camphor  which  has  been  thus  lique- 
fied is  scarcely  to  be  distinguished  from  ordinary  camphor. 
Dried  between  folds  of  paper  it  contains  only  traces  of  alcohol— 
Ber.  BerL  Chem,  Ges,,  xiv,  334,  Feb.,  1881.  G.  P.  r 

8.  On  th£  Naturally-ocmirring  Mydriatic  Alkaloids. — Ladk5- 
BURCi  lias  given  in  a  complete  form  the  results  of  his  researches 
upon  the  naturally-occurring  mydriatic  alkaloids.     These  bodies 
art'   three    in  number:     1st,    Atropine   Cj^lf^NO,,    occurring  in 
Atropa  belladonna^  and  Datura  stramonium^  and  splitting  into 
tropic  acid   CJI^^Oj,  and  tropine  C^H,jNO.     2d,   Hyoscyamine, 
C   ll^gNOg,  occiuTing  in  Atropa  heUadonjia^  Datura  stramoidum^ 
Iiyocyamus  niffex^  and  Duboisia  myoporoides,  and  splitting  also 
into   tropic    acid   OJlj^O^   and  tropine  C^Hj^NO.     3d,    Hyoscia, 
(Jj^H^gNOg,  occurring    in  Hyoscyamus  niger^  and  splitting  into 
tropic  acid  CbII,„0^  and  pseudo-tropine  C^H,^NO.     It  appears  then 
that  the  mydriatic  alkaloids  occurring  in  nature  are  only  three  in 
number  and  that  they  are  all  isomeric  with  one  another. — Liebufs 
Ann,,  ccvi,  274,  Feb.,  1881.  G.  f.  b. 

9.  0)1  the  Synthesf's  of  IVopic  acid. — Spiegel  has  efiected  a 
new  synthesis  of  tropic  acid  by  acting  on  acetophenone  with  hy- 
drocyanic acid,  producing  the  cyanhydrin  of  acetophenone. 
This  heated  to  130°  with  strong  hydrochloric  acid  gives  chlorhy- 
dratropic  acid.  By  the  action  of  soda  on  this  for  a  short  time 
atropic  acid  is  produced,  and  for  a  longer  time  tropic  acid.    To 

this  the  author  assigns  the  formula  C  H^  •<  COH 

(COOH.  —  ^cr.    BerL 
Chem,  Ges.j  xiv,  235,  Feb.,  1881.  G.  f.  b. 
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Photographs  of  Nebulae, — M.  J.  Janssen  calls  attention  to 
ffect  of  short  and  long  exponares  upon  the  negatives  which 
obtained.  Photographs  of  the  same  nebula  will  not  agree 
8  the  same  conditions  of  exposure  are  narrowly  obser^'ed.  In 
'  of  this  the  photographs  of  the  solar  corona  taken  at  Siam  in 
elipse  of  187/>  are  referred  to:  the  nebulosity,  so  to  speak,  of 
orona  gave  different  impressions  upon  sensitive  plates  which 

ex}>o8ed  during  times  expressed  by  the  numbers  1,  2,  4,  8: 
t  must  be  inferred  that  the  changes  in  the  height  of  the  corona 
»  be  attributed  to  the  times  of  exposure,  instead  of  to  actual 
tions  in  the  extent  of  the  phenomenon.     It  is  then  indispens- 

that  the  photographs  of  nebulae  should  be  accompanied  by 

evidence  of  the  conditions  under  which  they  are  taken,  in 
•  that  subsequent  observers  may  study  the  changes  in  the 
la.  M.  Janssen  proposes  to  take  the  photograph  ot  the  image 
itar,  or  nebula,  a  little  out  of  focus.  In  this  case  the  photo- 
h  is  a  little  circle  of  sensibly  uniform  opacity,  and  one  can 
>are  the  opacity  of  the  photographs  of  different  stars  and 
ect  the  degrees  of  opacity  with  the  photometric  power. — 
pUs  Bendusy  Feb.  7,  1881.  j.  t. 

.  New  form  of  Mercury-pump, — H.  Ernst  Bessel-Hagen 
nbes  a  modification  of  Topler's  quicksilver  pump  (Topler, 
jler  polyt.  I,  clxiii,  p.  426,  1862).     The  pump  is  much  simpler 

the  Giminghara  pump  which  was  used  by  Crookes  and  is 
so  liable  to  break.  It  allows  the  vessel  which  is  to  bo 
usted  to  be  connected  to  the  pump  without  the  interven- 
of  stop  cocks  or  metallic  ioints.  Nothing  but  a  continuous 
J  tube  connecting  with  the  pump  by  a  mercury  packing 
aployed.  The  importance  of  heating  the  tube  which  is  to  be 
lusted  in  order  to  drive  off  the  layer  of  air  which  adheres  to 
sides  of  the  vessel  is  insisted  upon.  H.  Hagen  has  obtained 
exhaustion  of  0*00001 2""*,  while  Crookes  has  obtained  only 
0046™"™.     Besides  heating  the  vacuum  tube  to  expel  the  air 

its  sides,  H.  Hagen  passed  electric  discharges  through  the 
?  and  found  these  discharges  efficacious  in  dislodging  the  air 
Q  the  sides  of  the  tube.  He  also  disproves  the  statement  that 
icuum  has  been  obtained  through  which  electrical  discharges 

not  pass.  At  the  pressure  of  0*000012™°'  electiical  discharges 
)ngh  the  vacuum  tube  were  made  apparent  by  loud  sparks  in 
outer  circuit  and  by  a  phosphoresent  glow  within  the  tube. 
?  influence  of  mercury  vapor  upon  Crookes'  phenomena  is  also 
wn.  The  endeavor  to  detect  the  passage  of  aqueous  vapor 
)ugh  the  sides  of  the  vacuum  tube  by  spectrum  analysis  i^ave 
jgative  result. — Annalen  der  Physik  und  Chemie^  No.  3,  fssi. 

J.    T. 

2.  Absorption  of  the  Sun^s  rays  by  the  Carbon ic  Acid  of  the 
nosphere. — H.  Ernst  Lecher,  by  means  of  observations  with 
lerrao-electrical  apparatus  in  connection  with  observations  with 
yrheliometer,  arrives  at  the  conclusion  that  the  amount  of  car- 
m  acid  which  has  been  proved  to  exist  in  the  air  is  sufficient 
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to  caiiBe  the  absorption  which  has  generally  been  attributed  to 
aqueous  vapor  alone.  He  believes  also  that  his  method  is  better 
adapted  for  obtaining  the  amount  of  carbonic  acid  in  different 
layers  of  the  atmosphere  than  the  chemical  methods  hitherto 
adopted. — Annalen  aer  Phyaik  imd  Chemie^  No.  3,  1881. 

J.  T. 

13.  Conversion  of  Radiant  Energy  into  Sonorous  Vibratiom, 
— Mr.  William  Henry  Pbekcb,  in  a  paper  read  at  the  Royal 
Society,  March  10th,  gives  the  details  of  numerous  experiments 
upon  the  effect  of  intermittent  beams  of  light  in  producing  sono- 
rous vibrations.     It  was  found  that  their  vibrations  were  not  pro- 
duced by  the  disc  which  received  the  intermittent  beam,  but  were 
due  to  the  motion  of  tlie  air  contained  in  the  hearing  tube,  for  the 
sounds  were  louder  without  the  disc  than  with  it.     These  sounds 
were  increased  when  the  sides  of  the  tube  were  covered  with  lamp- 
black, and  were  cut  off  by  an  athermanous  diaphragm.     A  spiral 
of  fine  platinum  wire  was  enclosed  in  a  blackened  tube  and  an 
intermittent  current  was  sent  through  it.     The  sounds  produced 
by  this  apparatus  were  excellent  and  proved  that  the  sound  vibra- 
tions were  due  to  the  motion  of  the  air.     A  microphone  was  then 
substituted  for  the  interrupter,  and  it  was  found  that  the  appara- 
tus served  as  a  telephone   reC'eiver  and   articulate  speech  was 
reproduced. — Nature^  March  24,  1881.  j.  t. 

14.  On  the  Tidal  Friction  of  a  Planet  attended  by  several  Sat- 
ellites,  and  on  the  Evolution  of  the  Solar  System ;  by  G.  H. 
Darwin,  F.K.S.  (Abstract  of  a  paper  read  before  the  Royal 
Society,  Jan.  20,  1881.) — The  first  part  of  the  paper  contains  the 
investigation  of  the  changes  produced  by  tidal  friction  in  a  sys- 
tem consisting  of  a  ])lanet  with  any  number  of  satellites  revolv- 
ing round  it  in  circular  orbits.  The  planet's  equator  and  the  sat- 
ellites' orbits  are  all  supposed  to  be  in  one  plane.  The  planet  is 
formed  of  homogeneous  viscous  fluid,  but  a  large  part  of  the 
results,  due  to  the  particular  sort  of  tidal  friction  which  arises  in 
this  special  case,  would  be  equally  true  under  a  more  general  hy- 
pothesis as  to  the  nature  of  the  planet.  The  mutual  perturba- 
tions of  the  satellites  are  neglected,  so  that  only  the  rotation  of 
the  planet  and  the  distances  of  the  satellites  have  to  be  consid- 
ered. 

It  is  then  proved  that  ME  be  the  whole  energy,  both  kinetic 
and  potential,  of  the  system,  and  if  ^  be  a  function  of  thedis-  j 
tance  of  any  one  of  the  satellites  from  the  planet  (which  function, 
when  the  mass  of  the  satellite  is  small  compared  with  that  of  the 
planet,  is  the  \  power  of  the  distance),  the  equation  expressive  of 
the  rate  of  change  of  ^  is  J 

c^^__     dE 

whore  t  is  the  time,  A  a  certain  constant,  and  6  expresses  partial 
differentiation. 

A  similar  ecjuation  applies  to  each  satellite,  and  the  whole  of 
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s  form  a  system  of  simultaneous  differential  equations 

to  be  solved  in  order  to  trace  the  changes  in  the  sys- 

ites. 

IS  are  also  found  for  the  rotation  of  the  planet,  and 

^y  J^,  in  terms  of  the  resultant  moment  of  momentum 

1  and  of  the  ^'s. 

shown  how  these  equations  may  be  solved  by  series, 

>y  powers  of  the  time.     As,  however,  the  series  are 

convergent,  they  are  not  appropriate  for  tracing  ex- 

g^es  of  con^guration. 

7here  there  are  only  two  satellites  is  then  considered 

1  it  is  shown  that,  if  a  surface  be  constructed,  the 

ich  have  E  and  the  two  ^s  as  their  three  rectangular 

E  being  drawn  vertically  upward  and  the  ^'s  being 

then  the  solution  of  the  proolem  is  expressed  by  the 

at  the  point,  representing  on  the  surface  the  config- 

e  system,  travels  down  the  steepest  path. 

ur-lines  on  this  **  surface  of  energy"  are  illustrated  by 

the  graphical  solution  found  therefrom  is  interpreted 

d. 

d  part  of  the  paper  contains  a  discussion  of  the  part 

dal  friction  in  the  evolution  of  the  solar  system. 

ed  that  the  rate  of  expansion  of  the  planetary  orbits 

from  the  friction  of  the  tides  raised  by  the  planets 
ust  be  exceedingly  small  compared  with  that  which 

the  friction  of  the  tides  raised  by  the  sun  in  the 
tus  the  investigation  in  the  first  part  of  the  paper, 
ktellites  are  treated  as  particles,  is  not  applicable  io 
tem. 

the  problem  of  finding  the  changes   in  a  system, 

rigid  or  perfectly  fluid  sun  attended  by  tidally  dis- 
ets,  is  easy  of  solution,  yet  it  seemed  inexpedient  to 
umerical  solution  which  should  be  applicable  to  the 

■ 

ed,  however,  likely  that  a  knowledge  of  certain  nu- 
es  would  throw  light  on  the  question.  Accordingly 
s  of  momentum  of  the  orbital  motion  of  the  planets 
lu,  of  the  sun's  rotation  round  his  axis,  of  the  orbital 
e  satellites  round  their  planets,  and  of  the  rotation  of 
about  their  axes  are  evaluated  with  such  degree  of 
the  data  permit. 

mparison  between  the  orbital  momenta  of  the  planets 
:)tational  momenta,  it  is  concluded  that  tidal  friction 
sensibly  have  enlarged  the  planetary  orbits  since  the 
a  separate  existence. 

el  reasoning  (although  the  argument  has  much  less 
0  seemed  improbable  that  the  orbits  of  the  satellites 
piter,  and  Saturn  have  undergone  very  lar^e  exteii- 
the  satellites  had  separate  existences,  and  it  seemed 
in  that  they  cannot  be  traced  back  to  an  origin  almost 
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in  contact  with  the  present  surfaces  of  their  planets,  as  was  shown 
in  previous  papers  to  be  probably  the  case  with  the  moon  and 
earth. 

The  numerical  values  spoken  of  above  exhibit  a  very  striking 
difference  between  the  condition  of  the  earth  and  the  moon  and 
that  of  these  other  planets,  and  it  may  therefore  be  admitted  that 
their  modes  of  evolution  have  also  differed  considerably. 

The  part  played  by  tidal  friction  in  the  evolution  of  planetary 
masses  is  then  discussed. 

A  numerical  comparison  is  made  of  the  relative  efficiency  of 
solar  tidal  friction  in  reducing  the  rotational  momentum  and  the 
rotation  of  the  several  planets.  It  is  found  that  the  efficiency  as 
regards  the  rotation  is  nearly  the  same  for  Mars  and  for  th<{ 
earth,  notwithstanding  the  greater  distance  of  the  former  from 
the  earth.  This  point  is  important  with  reference  to  the  rapid 
revolution  of  the  mner  satellite  of  Mars,  and  confirms  the  explana- 
tion of  this  fact,  which  has  been  offered  in  a  previous  paper. 

The  numbers  expressive  of  the  relative  efnciency  of  solar  tidal 
friction  are  of  course  very  much  smaller  for  the  more  remote 
planets  than  for  the  nearer  ones,  but  they  must  not  be  supposed 
to  represent  the  total  amount  of  rotation  destroyed  by  solar  tidal 
friction,  because  the  exterior  planets  must  be  presumed  to  have 
existed  much  longer  than  the  interior  ones.  Nevertheless  the 
disproportion  between  the  numbers  is  so  great  that  it  most  be 
held  that  the  influence  of  solar  tidal  friction  on  Jupiter  and  Sat- 
urn has  been  considerably  less  than  on  the  nearer  planets. 

The  manner  in  which  tidal  friction  and  the  contraction  of  a 
planetary  mass  would  work  together  is  then  considered,  and  it  is 
found  to  be  probable  that  tidal  friction  was  a  more  important 
cause  of  change  when  the  masses  were  less  condensed  than  it  is 
at  present ;  thus  the  present  rate  of  action  of  solar  tidal  friction 
is  not  to  be  taken  as  a  measure  of  what  has  existed  in  all  past 
time. 

This  discussion  leads  the  author  to  assign  a  cause  for  the  ob- 
served distribution  of  satellites  in  the  solar  system.  For  if,  as  the 
nebular  hyj)0the8is  supposes,  satellites  are  formed  when  instability 
is  produced  by  the  acceleration  of  rotation  accompanying  con- 
traction, then  the  epochs  of  instability  would  recur  more  rarely 
if  tidal  friction  were  operative  than  without  it;  and  if  tidal 
friction  were  suflieiently  powerful,  an  epoch  of  instability  would 
never  occur. 

The  efficiency  of  solar  tidal  friction  diminishes  as  we  recede 
from  the  sun,  and  therefore  planets  near  the  sun  should  have  no 
satellites,  and  the  number  of  satellites  should  increase  for  the 
remoter  planets.  This  is  the  observed  condition  of  the  solar 
system. 

This  theoretical  view  is  also  shown  to  ex])lain  how  the  earth 
and  moon  came  to  difler  from  the  other  planets  in  such  a  manner 
as  to  permit  tidal  friction  to  be  the  principal  feature  in  their  evo- 
lution, while  its  eflects  are  less  striking  in  the  other  planets. 
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iOng  other  points  discussed  are  the  comparative  speeds  of 
on  of  the  several  planets,  and  the  probable  effects  of  the 
is  of  a  satellite  on  the  course  of  change  afterwards  followed 
planet. 

;  paper  ends  with  a  review  of  the  solar  system,  in  which  it 
>wn  that  the  tidal  hypothesis  is  a  means  of  co5rdinating 
apparently  disconnected  phenomena,  besides  giving  a  history 
t  earth  and  moon  since  the  origin  of  the  latter. 
3se  investigations  afford  no  grounds  for  the  rejection  of  the 
ar  hypothesis,  but  while  they  present  evidence  in  favor  of 
lain  outlines  of  that  theory,  they  introduce  modifications  of 
lerable  importance.  Tidal  friction  is  a  cause  of  change  of 
1  Laplace's  theory  took  no  account,  and  although  the  activity 
at  cause  is  to  be  regarded  as  mainly  belonging  to  a  later 
d  than  the  events  described  in  the  nebular  hypothesis,  yet 
flnence  has  been  of  great,  and  in  one  instance  of  even  para- 
t  importance,  in  determining  the  present  condition  of  the 
ts  and  of  their  satellites. 

Sig?U  :  An  Exposition  of  the  Principles  of  Monocular  and 
cular  Vision;  by  Josbph  LeConte,  LL.D.     276  pp.  8vo. 

York,  1881.  (D.  Appleton  &  Co.  International  Scientific 
8.) — Professor  LeConte  has  given  a  popular  and  readable, 
it  the  same  time  scientific,  exposition  of  the  subject  of  vision, 
thirds  of  the  volume  are  devoted  to  binocular  vision,  a  sub- 
to  which  the  author  has  contributed  much  b\'  his  own 
rches  (see  numerous  articles  in  this  Journal).    The  develop- 

of  this  subject  is  a  feature  of  the  volume,  and  gives  it 
lial  value,  although  it  may  perhaps  seem  to  some  that  other 
R  of  no  less  interest  are  sacrificed  to  it. 

II.  Geology  and  Mineralogy. 

Jurassic  and  underlying  strata  in  the  Section  of  the  Alps 
J  the  St,  Oothard  Ihnnel, — A  brief  notice  of  this  section  by 
;enevier,  is  given  in  vol.  xvi  of  this  Journal  (1878).  Durinff 
•ast  year  an  account  of  the  rocks  has  been  published  by  M. 
%  as  an  Appendix  to  the  Report  of  the  Swiss  Federal  Coun- 
A  few  facts  are  here  cited  from  Professor  Favre's  Review  of 
i  Geology,  for  1880,  published  in  the  Geneva  Archives  des 
ices,  Feb.,  1881. 

e  section  is  14,920  meters  long.  The  northern,  2010  meters, 
hrough  the  mass  of  the  Finsteraarhorn ;  from  2010  to  4325 
re  through  the  fold  of  Ursorn ;  from  4326  to  11,742  meters 
igh  the  mass  of  St.  Gothard  ;  and  the  remaining  3178  meters 
igh  the  fold  of  Tessin.  The  rock  of  the  mass  of  the  Finster- 
)rn  is  a  gneissoid  granite  (made  of  quartz,  orthoclase,  some 
nic  feldspar  and  black  and  white  micaj,  with  gneiss  between 
and  1525  metei*s.  There  are  many  faults,  especially  in  the 
n  of  the  gray  gneiss.  In  the  fold  of  Ursern,  made  up  of  sev- 
«?condary  folds,  the  center  consists  of  eipolin  or  calcareous 
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beds  containing  traces  of  fossils,  probabl^r  of  Jurassic  aee,  and  ac- 
companying it  are  black  schists  of  the  Lias  and  older  tormationt. 
More  to  the  south  there  is  another  corresponding  fold,  in  which 
occur  schists,  apparently  the  equivalent  of  the  cipolin  bedi^ 
flanked,  like  them,  with  black  schists.  These  beds  are  enclosed 
by  the  gneiss  of  Ursern,  having  some  qnartzose  and  green  beds, 
constituting  the  borders,  so  that  the  whole  has  the  form  of  a  «, 

In  the  Gothard  mass,  which  next  follows,  there  is  eneias  varying 
to  mica  schist  and  to  granite,  with  some  serpentine  (between  4870 
and  5310  meters),  and,  subordinate  to  the  gneiss,  homblendJe 
beds.  The  rocks  are  closely  related  to  those  of  the  fold  of  Ur- 
sern, passing  into  them  by  an  insensible  gradation.  The  fan-like 
position  of  the  beds  of  Gothard  is  much  more  distinct  to  the  soatii 
than  on  the  northern  side.  These  Gothard  rocks  are  sedimentarr 
metamorphic  terranes,  joining  without  interruption  to  the  most 
recent  beds  of  the  folds  of  Ursern  on  the  north  and  of  Tessin  oo 
the  south. 

In  the  fold  of  Tessin,  the  rock,  to  within  ninety  meters  of  the 
south  end,  is  mica  schist,  often  gametiferous ;  in  part  hornblendic; 
partly  calcareous  mica  schist;  and  then  there  are  fiftv-three 
feet  of  dolomite.  These  rocks  have  close  analogies  to  those  of 
the  Ursern  fold,  the  cipolins  of  Altekirch  corresponding  to  the 
dolomite  of  Tessin,  the  sericite  schists  to  the  gray  garnetiferooi 
mica  schist,  and  so  on.  The  group  then  in  the  valley  of  Tesein 
represents  also  altered  sedimentary  strata  from  the  Jurassic  to 
the  Carboniferous.  The  beds  plunge  under  Gothard  with  a 
marked  curve,  the  dip  being  greater  at  the  surface  than  in  the 
tunnel. 

Thus,  the  author  observes,  the  mass  of  Gothard  consists  of  a 
series  of  metamorphic  sediments,  and  the  folds  of  Ursern  and 
Tessin,  on  the  opposite  sides,  correspond  to  one  another.  The 
gneissoid  granite  of  the  Finsteraarhom  is  the  oldest  of  the  series, 
and  a  break  exists  between  it  and  the  Ursern  fold. 

The  serpentine  of  the  Gothard  mass  is  considered  by  AL  Stapff 
as  formed  by  the  alteration  of  olivine,  some  grains  of  which  still 
remain.  M.  Cossa  has  shown  that  part  of  the  rock,  though  of  a 
kind  capable  of  changing  to  serpentine,  is  not  true  serpentine, 
but  consists  of  talc,  pyroxene  (not  lamellar)  and  olivine,  with  the 
pyroxene  sometimes  predominating.  Gtlmbel  has  found  frag- 
ments of  Crinoids  in  the  limestones  of  Andermatt,  conflrming  the 
view  of  M.  Stapff  as  to  the  origin  of  the  limestones. 

2.  The  great  fault  in  the  Alps  after  the  Carboniferous  era,— 
According  to  M.  Lory  (Observations  sur  la  structure  des  Alpes, 
in  C.  U.  du  Congr.  Internationale  de  Geol.  of  1878),  the  dislocation 
w^hich  raised  the  crystalline  schists  in  the  zone  of  Mount  Blanc, 
between  the  Bernese  Alps  on  the  east  and  Maritime  Alps  on  the 
southwest,  took  place  after  the  deposition  of  the  Carboniferous 
beds  which  are  conformable  to  these  schists,  and  before  the  Tri- 
assic  era,  the  Mesozoic  beds  being  laid  down  unconformably  on 
the   HchistK,  and    sometimes   now  overlying  them   in  horizontal 
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masses  (Aiguilles  Roages,  Oisane).     There  were  also  other  move- 
ments after  the  deposit  of  the  Mesozoic  strata,  but  of  less  extent. 

3.  liadiolariana  {PolycystinesV  maJciny  for  the  most  part  the 
Jasper  beds  of  luscany. — Dr.  D.  Pantanelli  has  published  a 
paper  on  the  Tuscan  jaspers  in  the  Transactions  of  the  H.  Ac- 
cademia  dei  Lincei  (Rome),  1 880,  giving  the  results  of  the  micro- 
scopic study  of  the  Tuscan  beds  of  jaspers  in  the  Eocene,  Crcta- 
oeoos  and  the  Upper  Lias.     The  author  gives  a  double  quarto 

Slate  of  figures  of  the  fossils,  and  shows  that  the  beds  are  marine 
eposits,  and  were  probably  formed  at  some  considerable  depth, 
since  Radiolarians  are  most  abundant  in  the  deeper  waters,  the 
number  being  proportionately  largest,  according  to  observations 
hitherto  made,  between  5000  and  10,000  feet. 

4.  Fossil  Sponge-Spicules  from  the  Upper  Chalky  fmind  in  the 
interior  of  a  single  flint-stone  from  Horstead  in  Norfolk  ;  by 
Gbobgb   Jennings  Hinds,  F.G.S.    84  pp.  8vo,  with  5  plates. 
Inaugural  Dissertation.     Munich,  1880. — The  material  examined 
was  from  an  interior  closed  cavity  of  a  mass  of  flint  and  re- 
sembled fine  meaL     The  author  describes,  from  it,  160  forms  of 
ipicoles,  which  he  refers  to  88  species  and  32  genera  of  Sponges, 
14  of  the  species  belonging  to  the  Lithistids  and  Hexactmellids. 
Besides  the  spicules  of  sponges,   the   cavity   aflbrded   remains 
of  Forarainifers,   Ostracoids,  Echinoderms,  Annelids,   Cirripeds, 
Bryozoans,  Brachiopods,  Lamellibranchs  and  Fishes,  the  first  two 
kinds,  with  the  sponges,    being  far  the   most  abundant.      The 
tbondance  of  the  sponge  spicules  sustains  the  author's  conclusion 
that  flint  nodules  of  the  Chalk  have  resulted  from  the  aggrega- 
tion of  the  siliceous  spicules  or   skeletons  of   the    sea-bottom 
sponges,  as  the  chalk  from  an  aggregation  of  the  shells  of  foram- 
inifers,  ostracoids  and  other  calcareous  secretions  of  the  same  seas. 
The  author  remarks  that  only  two  or  three  Radiolarians  are  yet 
known  from  the  Chalk  formation.     The  plates  are  crowded  with 
excellent  figures  of  the  S])icules. 

5.  YerteSrales  of  the  Permian  of  Texas, — Professor  E.  D.  Cope 
has  a  second  paper  on  this  subject  in  the  Proceedings  of  the 
American  Philosophical  Society,  xix,  38  (1880).  Professor  Cope 
describes  in  this  memoir  two  species  of  Theropleura  Cope  (near 
the  Rhynchocephalia),  one  of  Dimetrodon  Cope,  one  of  Diadeetes, 
two  of  Ifelodectes  Cope,  deflnes  anew  the  genera  of  Ganocephala, 
Eryops  Cope  and  Trimerorhachis  Cope,  and  describes  one  fish  of 
the  tribe  Crossopterygia,  JEctosteorhach  is  nitidus  Cope. 

0.  Bq>ort  of  the  Professor  of  Agricidture  of  the  University 
of  Calif orniay  1 880.  108  pp.  8vo.  Sacramento,  1 881. — Professor 
E.  W.  UiLGARD  presents,  in  his  report,  besides  other  discussions 
of  importance,  some  interesting  facts  with  regard  to  the  reclama- 
tion of  alkali  lands.  As  ordinary  surface  irrigation  tends  to  con- 
centrate the  alkali  at  the  surface — "  the  more  water  evaporates 
from  the  surface  within  a  season,  the  more  alkali  salts  will  be 
drawn  to  the  surface."  The  chief  remedy  proi)()sed  is  underdrain- 
ing,  which  "may  so  far  lower  the  water-table  from  which  the 
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saline  matters  are  derived,  and  may  so  far  favor  the  washing  out 
of  the  salts  during  the  rainy  season,  that  the  latter  will  thereafter 
fail  to  reach  the  surface  so  as  to  accumulate  to  an  injurious  extent 
with  reasonable  tillage."     In  his  illustrations  of  the  subject  anal- 
yses are  given  of  the  waters  of  Kern  and  Tulare  lakes,  and  of 
some  rivers  of  California.     In  that  of  Kern  Lake,  March,  1880,  the 
total  residue  obtained  was  211*50  grains  per  gallon  (about  26  times 
more  than  in  an  average  river  water),  which  consisted  of  Carb.  soda 
64*37,  common  salt,  glauber  salt,  etc.  115-41,  carb.  Ca,  Mg  and 
silica  9*29,  vegetable  matter  22*43.     The  water  from  the  middle 
of  Tulare  Lake,  at  surface,  afforded  81*95  for  the  total  residue, 
consisting  of  Carb.  soda  35*30,  common  salt,  glauber  salt,  etc. 
35*96,  carb.  Ca  and  Mg,  and  silica  5*37,  vegetable  matter  5*32. 

Water  of  the  Canon  of  Kern  River  afforded  9*49  of  total  resi- 
due ;  but  the  proportion  between  the  sodium  carbonate  and  the 
other  salts  is  almost  exactly  that  in  the  water  of  Tulare  Lake,  or 
1  to  22 ;  so  that,  if  22  gallons  were  boiled  down  to  1,  the  water 
would  have  the  same  alkali  in  quantity  and  quality  as  that  of  the 
lake ;  and  if  further  reduced  to  3^  pints,  it  would  have  about  the 
composition  of  that  of  Kern  Lake.  Professor  Hilgard  remarb 
as  follows  respecting  the  use  of  the  Kern  River  waters  in  irriga- 
tion : 

"  Those  using  its  waters  should  keep  in  mind  that  their  evapo- 
ration adds  annually  to  the  alkali  in  the  soil ;"  and  that  "  tillage 
after  irrigation,  the  planting  of  deep-rooted  crops  instead  of 
grain,  and  the  use-  of  gypsum  as  a  neutralizer  of  the  worst  ingredi- 
ent— the  carbonate  of  soda — are  the  measures  that  suggest  them- 
selves as  the  most  feasible;  while  subirrigation,  and  C8|)ecially 
the  leaching  out  of  the  alkali  from  time  to  time  by  long-continued 
flooding,  and  uuderdrainage  are  more  radical  remedies  for  future 
use."  After  a  further  discussion  of  the  facts  he  adds:  "There 
are,  probably,  few  river-waters  in  the  world  of  such  composition, 
or  natural  purity,  that  continued  irrigation  without  correlative 
uuderdrainage  can  be  practiced  without  in  the  end  causing  an 
injurious  accumulation  of  soluble  salts  in  the  soil.  In  India, 
according  to  the  testimony  of  Professor  George  Davidson,  the 
evil  effects  of  such  practice  have  become  painfully  apparent,  and, 
to  Hucli  an  extent,  that  after  the  expenditure  of  enormous  sums 
for  bringing  the  water  upon  the  fields,  the  government  now  finds  it- 
self face  to  face  with  the  costly  problem  of  its  economical  removal 
by  drainage,  so  as  to  relieve  the  soil  of  its  accumulated  alkali 
which  has  rendered  it  unfit  for  cultivation.  An  early  attention  to 
this  matter,  with  such  foresight  as  will  prevent  the  occurrence  of 
similar  difficulties  cannot  be  too  earnestly  recommended  to  all 
interested  in  the  irrigated  lands  of  California." 

7.  Bieimlal  Bepart  of  the  State  Geologist  of  tlve  State  of  Col- 
orado, for  the  term  ending  December  31,  1880.  75  pp.  8vo.  Den- 
ver, 1881. — Professor  J.  Alden  Smith,  appointed  geologist  of  Col- 
orado in  1S72,  gives  in  this  report  a  general  description  of  the 
gold  and  silver  mines  of  the  ^tate,  with  remarks  on  the  other 
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"ces  of  mineral  and  agricultural  wealth.     He  gives  also  a  very 

catalo^e,  arranged  alphabetically,  of  the  mineral  species 

id  in  the  State.     This  is  a  revision  and  extension  of  a  cata- 

le  published  by  him  in  1870,  and  it  includes  notices  of  the 

nt  work  by  Dr.  Genth,  Dr.  Loew  and  others  on  Colorado  min- 

8.     To  complete  the  long  list  of  Colorado  species  the  work  by 

m  and  Comstock  on  bastn&site,  and  the  new  species  tysonite, 

lid  properly  be  mentioned. 

Ctrundlinien    der   Oeologie  von    Bosnien-Hercegovina, — 

iuterungen  zur  geologischen  XJebersichtskarte  dieser  L&nder, 

Dr.  Ed.  V.  Mojsisovics,  Dr.  E.  Tietzk  and  Dr.  A.  Bittneb, 

Beitr&gen  von  Dr.  M.  Nbumatb  und  C.  v.  John  und  einem 

•worte  von  Fr.  v.  Haueb.     322  pp.  8vo,  with  a  colored  geo- 

cal  chart  and  three  lithographic  tables.     Vienna,  1880. — This 

k  treats  of  the  stratified  formations  of  the  region,  from  the 

eozoic  to  the  Quaternary,  the  local  geology  of  the  different 

to,  the  crystalline  rocks,  and  closes  with  a  chapter  on  the 

ertiary  Inland  Mollusks,"  by  Dr.  Neumayr. 

.  Journal  of  the  Cincinnati  Society  of  Natural  History^  for 

I.,  1881. — ^This  number  of  the  Journal  has  a  descriptive  biblio- 

phic  paper  on  the  N.  A.  Tertiary,  by  S.  A.  Miller ;  descriptions 

lew  Tineina,  by  V.  T.  Chambera ;  papers  on  the  Geographical 

kribution  of  certain  N.  A.  fresh-water  mollusks  and  the  probable 

ises  of  their  variation,  and  on  new    Upper  Subcarboniferous 

noids,  by  A.  G.  Wetherby,  besides  other  papers.     In  Mr.  Mil- 

8  paper,  the  earliest  paper  referred  to  on  Martha's  Vineyard 

•tiary,  in  voL  vii,  1 824,  is  stated  to  be  by  Professor  Silliman. 

the  title  of  this  paper  ne  name  of  author  is  given,  but  the  index 

erts  the  article  under  the  name  of  Edward  Hitchcock.     The 

le  volume  contains, on  pp.  31-43,  an  article  entitled  "Geological 

ay  on  the  Tertiary  formations  in  America,"  by  John  Finch  (read 

ore  the  Acad.  Nat.  Sci.  of  Philadelphia,  in  1823),  which  well 

erves  to  be  noticed :  it  recognizes  as  Tertiary  the  deposits  of 

Atlantic  border  from  Gay  Read  and  New  York  to  the  Gulf  of 

xico,  and  gives  many  important  details. 

0.  Geological  JHeports  recently  issued,     (Received  too  late  for 

ice  in  this  place.) 

«ological  Survey  of  PennsylvaDia. — (1)  The  Geology  of  the  Oil  RegioDS  of 
rren,  YeDaDgo,  Clarion  and  Butler  Counties,  by  John  F.  Carll.  No.  HI. 
pp.  8yo.,  with  23  plates  and  an  atlas  of  22  sheets  of  maps,  oil-well  sections, 
working  drawings  of  oil-well  rig  and  tools.  Harrisburg,  1880.  (2)  Report 
Progress  of  Armstrong  County,  by  W.  G.  Platt.  No.  H^  338  pp.  8vo, 
1  a  colored  map  of  the  county.  Harrisburg,  1880.  (3)  The  Geology  of  Clin- 
County,  Part  ii,  containing  a  special  study  of  the  Carboniferous  and  Devonian 
ta  along  the  west  branch  of  tiie  Susquehanna  River,  by  H.  Martin  Chancb, 
I  a  description  of  the  Renovo  Coal  Basin  by  C.  A.  Ashburner,  and  notes  on 
Taogascootack  Coal  Basin  in  Centre  and  Clinton  Counties,  by  F.  Platt. 
pp.  8vo,  with  a  colored  map,  sheet  of  sections,  topoKraphical  map  of  the 
ovo  Baain,  6  plates  and  21  sections  in  the  text.  Harrisburg,  1880.  The  vol- 
I  by  L.  LesQUEREUZ  on  Coal  plants,  briefly  noticed  on  page  329,  has  also  been 
ed. 

eological  Survey  of  New  Jersey :  Annual  Report  for  the  year  1880,  by  the 
e  Gedogist,  Prof.  G.  H.  Cook.     220  pp.  8vo,  with  a  colored  map. 

K.  Jour  Sci.— Third  Sbribs,  Vol.  XXI,  No.  125.— May,  1881. 
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State  of  Indiana. — Report  of  the  Department  of  Statifltics  and  G^eology,  I  ft 
by  John  Collett.    544  pp.  8vo,  with  plates. 

Geological  Survey  of  Canada. — Report  of  the  Geology  of  Southern  New  Bra 
wiok,  1878-79,  by  Prof.  L.  W.  Bailby,  G.  F.  Matthews,  and  R.  W.  Ells.  5 
pp.  8yo,  with  a  large  geological  map  and  6  plates  of  sections.  Montreal,  18 
(Dawson  Brothers.) 

11.  Lazulite  from  Canada, — The  occurrence  of  lazulite  in  t 
District  of  Keewatin,  near  the  mouth  of  the  Churchill  River, 
described  by  C.  Hoffmann  (Geology  of  Canada,  Report  of  Pr 
gress  for  1878-9).  The  mineral  occurs  massive  in  narrow  veins 
quartz.  It  has  a  deep  azure  blue  color;  its  specific  gravity 
3*0445.  An  analysis  afforded  the  following  results  (after  the  d 
duction  of  3*81  p.  c.  silica,  as  impunty): 

PaO*  AI9O,  FeO  MgO  CaO  H,0 

46-39  2914  209  13-84  2-83  6-47  =  100-76 

The  Chemical  Contributions  to  the  Geology  of  Canada  (25  pp 
by  Mr.  Hoffmann,  from  which  the  above  analysis  is  quoted,  contai 
also  an  analysis  of  cyanite  from  North  Thompson  River,  Britis 
Columbia,  others  of  graphite,  kaolin,  alunogen,  also  analyses  c 
various  natural  waters,  coals,  iron,  copper  and  manganese  ora 
gold  and  silver  assays,  etc. 

12.  The  Mifierals  and  Mineral  Localities  of  North  CaroUna 
being  chapter  I  of  the  second  volume  of  the  Geology  of  Nortl 
Carolina.  122  pp.  8vo.  Raleigh,  1881. — This  volume  open 
with  a  general  statement  by  the  State  Geologist,  Pro£  Kerr,  an( 
following  this  is  the  extended  report  by  Dr.  F.  A.  Genth.  A  d( 
scription  is  given  of  each  of  the  species  discovered  in  the  StaU 
embracing  not  only  whatever  has  been  previously  published,  bu 
also  numerous  new  analyses,  mostly  by  Dr.  Genth  or  his  assis 
ants ;  and  many  facts  made  known  by  the  recent  explorations  ( 
Prof.  J.  T.  Ilumphreyp,  Mr.  J.  A.  D.  Stephenson,  Mr.  W.  E.  Hi( 
den,  and  others.  The  list  of  species  is  a  long  one  (178)  and  ii 
eludes,  more  especially  from  the  mica  mines  in  the  western  pai 
of  the  State,  many  very  rare  and  interesting  minerals,  amon 
which  may  be  mentioned  the  samarskite  and  related  species,  a 
also  the  uranium  minerals.  A  full  synopsis  of  minerals  and  loca 
ities  by  counties  will  be  found  of  value,  especially  by  collecton 
To  the  body  of  the  report  Mr.  Hidden  adds  several  pages  in  whicl 
he  describes  the  discoveries  recently  made  by  him  (see  this  Journ, 
Feb.,  1881,  p.  159) ;  he  figures  a  series  of  highly  modified  and  in 
teresting  quartz  crystals,  and  also  several  crystals  of  beryl,  one  0 
them  showing  the  planes  /,  i-2,  0,  1^2,  2-2,  3-J,  4-f. 

13.  Durability  of  Bxdldiiig  Stones, — Dr.  Hiram  A.  Cuttinc 
of  Vermont,  has  made  examinations  as  to  the  degree  of  heat  so: 
ficient  to  cause  the  destruction  of  different  building  stones  au 
has  extended  his  experiments  to  22  kinds  of  granite,  23  of  sane 
stone,  7  of  limestone,  7  of  marble,  3  of  conglomerate,  1  of  slaU 
1  of  soapstone,  and  1  of  artificial  stone.  Under  the  applicatio 
of  the  heat,  the  granite  (1)  began  to  yield  at  a  temperature  b« 
tween  700''  and  800®  F. ;  (2)  became  cracked  between  800"*  F.  an 
000°  F. ;  (3)  became  generally  cracked  between  800  and  950''  F 
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)  made  worthless  by  or  before  reaching  a  temperature 

wing  table  contains  these  results  under  the  headings 
,  (4),  and  those  also  for  the  other  kinds  of  stones. 


(1) 

(2) 

(3)       ^                    (4) 

700'-  800* 

800'-  900" 

800'-  960*  at  or  below  1000* 

800*-  900" 

860"-1000' 

OOO'-IOOO'            1000'-1200' 

860°-  960* 

90OMO00° 

900°-1100°          mostly  1200' 

900'-1000'' 

950'-l000° 

1000M200'*                       1200* 

600°-  700" 

700'-  800" 

800'-  900"             900°-1000* 

tones 


lites  had  a  specific  gravity  betweeR^JlfiOO^and  2*725^^ 
one  from  Staustead,  Canaaa,  of  2*833 ;  and  immersion 
ded  to  their  weight,  through  absorption,  from  l-28(>th 
sight  to  1-81 8th.  In  the  case  of  sandstones,  sp.  gr.= 
i61,  but  mostly  under  2*400 ;  and  the  absorption  was 
-80th  excepting  two  giving  l-240th  (a  freestone  from 
a),  and  l-314th  (the  Montrose  stone,  Ulster  Co.,  N.  Y.) 
rble,  sp.  gr.=2*666  to  2*848,  and  the  absorption  l-300th 

for  the  more  solid  of  the  pure  massive  limestones,  sp. 
to  2*706,  and  absorption  l-280th  to  l-480th. 
It  absorbent  of  the  granites  (its  ratio  of  absorption 
is  one  of  the  most  destructible  by  heat,  and  the  most 
l-280th)  was  equally  destructible.  The  limestones  and 
3  stated  to  change  to  quicklime  at  about  1200°  F. 
f  notices  of  some  recently  described  minerals, — Bkoeer- 
irs  massive  and  in  small  isometric  crystals,  showing 

and  dodecahedral  planes.  Specific  gravity  7*273. 
tallic,  on  the  crystals  brilliant.  Color  light  to  dark- 
analysis  gave  (after  deducting  quartz)  S  14*97,  Bi  20*69, 
./U  1*70=101*49.  This  corresponds  nearly  to  the  form- 
s' or  6PbS+Bi,S,.  Found  at  the  Baltic  Lode,  near 
>.,  Park  Co.,  Colorado.  Named  after  Mr.  H.  Begeer  of 
described   by  Dr.    G.   K5nig. — Amer,   Chem.  twum., 

6. 

iiTE.  Occurs  in  small  crystals  belonging  to  the  mono- 
im,  resembling  in  habit  the  lazulite  from  Georgia ;  the 
\en  forming  drusy  surfaces.  Hardness  3-4.  Color 
)wn  to  dark  hyacmth-red  and  streak-yellow.  Luster 
dining  to  pearly.  An  analysis  gave  P,0^  31*88,  Fe,0, 
>  16*37=100*19,  corresponding  to  2Fe,P,03+HjFe,0, 
It  is  very  near  beraunite,  if  not  identical  with  it. 
h  other  phosphates  at  the  Eleonore  mine  near  Bieber, 
Waldgirmes  near  Giessen.     Named  by  Nies,  and  de- 

Streng. — Jahrh,  Min. 
i  a  second  phosphate  from  the  same  localities  as  ^leo- 

is  a  glassy,  apparently  amorphous,  mineral.  Hardness 
jific  gravity  2*83.  Luster  greasy  to  vitreous.  Color 
1,  streak  yellow.  Fracture  semi-conchoid al.  An  anal- 
:  P,0,  24*47,  Fe,0  46-50,  A1,0,  1*00,  H^O  28*03=100. 
ila  corresponds  to  4FoJ\0,+3H^Fo,0^+27rr./),  on  the 
assumption  that  the  mineral  is  homoircnrons. — Jnhrh. 
1,  i,  p.  16  ref,  and  p.  102. 
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Nbooyai^itb.  a  recent  sublimation  product  at  Yesuv 
composition  essentially  an  anhydrous  silicate  of  copper.  It 
in  minute  crystals  of  an  azure  blue  color.  Described  by  S< 
Hend.  Accad.  8c.  Napoli^  Dec.  4,  1880. 

15.  Anah/sis  of  Coluntbite;  by  E.  J.  Hallock,  Ph.D. 
municated.^ — ^The  sample  analyzed  was  from  Middletown, 
and  was  kmdly  furnished  to  the  writer  by  Professor  Char 
Joy.    The  specific  gravity  of  the  crystals  freed  from  gangi 
found  to  be  6*1 4.     Two  analyses  afforded: — 

I.  n. 

Mixed  acids 82-64  82-66 

Iron  protoxide 11-77  12*08 

MaDganese  protoxide 4*95  4*93 

Lime 0-50  0*45 

99*86  100*02 

The  columbic  and  tantalic  acids  were  not  separated,  bi 
specific  gravity  of  the  ignited  mixed  acids  from  No.  2  wai 
indicating  a  large  proportion  of  tantalic  acid. 

Southern  Medical  Oollege,  Atlanta,  Gki.,  Feb.,  1881. 

III.  Botany  and  Zoology. 

1.  Notes  on  Orchidece^  and  Notes  on  Cyperaceos ;  by  6] 
Bentham,  F.R.S. — Two  notable  papers  extracted  from  th( 
unpublished)  eighteenth  volume  of  the  Journal  of  the  Li 
Society,  and  important  as  forerunners,  being  a  sketch  of  t 
rangement  adopted  for  these  orders  in  the  lorthcoming  an 
cluaiiig  portion  of  the  Genera  Plantarum,  and  containii)| 
some  historical  and  critical  details  which  could  find  no  pi 
that  condensed  systematic  work.  It  must  suffice  to  direct 
tion  to  these  papers,  as  we  cannot  now  give  an  analysis  of 
That  on  the  OrchidecB  is  natui-allv  far  the  most  consideral 
occupies  the  pages  of  tlie  volume  from  281  to  360,  and  is 
cinct  exposition  of  a  complete  re-arrangement  of  this  vat 
difficult  order,  as  to  the  tribes,  sub-tribes,  and  the  limitat 
many  genera.  That  on  the  Cyperaceoe^  pp.  360-367,  is  coi 
tively  a  small  affiiir;  this  family  exhibitmg  small  divers 
structure.  The  genera  are  grouped  under  two  principal  di> 
(after  Bceckler),  each  containing  three  tribes.  The  histj 
some  of  the  early  genera,  and  of  the  way  they  have  beei 
taken  or  confused,  forms  a  curious  part  of  Mr.  Bentham's 

2.  On  the  Germination  and  Histology  of  the  Seedling  oj 
witchia;  by  F.  Oupkn  Bower,  B.A.,  Camb.  Reprinted  fro 
Quarterly  Journal  of  Microscopical  Science,  n.  ser.  xxi,  pp. 
with  two  plates. — We  have  had  the  pleasure  of  inspecting 
time  to  time  the  seedlings  of  Weltcitchia  which  germinated 
last  autumn  at  Kew  Gardens,  and  of  which  several  have  sui 
through  the  winter  and  are  still  thriving,  although  the 
portion  was  lost.     This  paper  by  a  promising  phytotomist 
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tigates  the  structure  and  development  of  the  mature  embryo  and 
of  the  seedling,  and  is  to  be  followed  by  a  research  into  the  histol- 
ogy of  the  more  advanced  plant  from  good  specimens  in  spirit. 
An  important  intermediate  sta^e  between  these  preserved  youn? 
plants  and  the  growing  seedlings  remains  to  be  supplied,  and 
may  be  expected  from  the  further  development  of  these  precious 
living  plants.  Without  referring  here  to  the  details  of  germina- 
tion and  of  the  minute  anatomy,  we  will  only  refer  to  the  two 
points  brought  to  view  by  Mr.  feower  of  much  interest  to  the 
morphologist.  One  is  the  production  from  the  caulicle  or  hypo- 
cotyledonary  stem,  at  the  beginning  of  germination,  of  a  fleshy 
outgrowth,  which  remains  in  the  axis  of  the  seed,  enveloped  by 
the  endosperm,  long  after  the  development  and  liberation  of  the 
cotyledons  and  their  elevation  by  the  elongating  growth  of  the 
caulicle.  This  process,  of  which  no  trace  is  seen  before  germina- 
tion, either  internally  or  externally,  develops  in  proximity  to  the 
cotyledons,  just  below  the  constricted  apex  of  the  caulicle,  and  in 
the  same  plane  with  these,  being  therefore  incumbent  upon  the 
back  of  one  of  them,  which  at  one  time  it  almost  equals  in  length 
and  at  the  base  exceeds  in  thickness,  while  the  apex  tapers  to  a 
blunt  point.  The  development  of  the  caulicle,  which  carries  up 
the  soon  foHaoeous  cotyledons  well  above  ground,  is  almost 
wholly  above  this  process,  which,  as  already  stated,  remains  in 
the  seed ;  and  the  surrounding  endosperm  being  still  capable  of 
famishing  considerable  nutriment,  Mr.  Bower  infers  that  the 
process  serves  as  a  feeder  to  the  seedling,  for  the  appropriation  of 
this  residual  store  of  food.  He  therefore  calls  it  "  the  feeder  "  in 
his  description,  speaking  physiologically ;  while  morphologically 
it  is  of  course  likened  to  the  "  peg  "  of  germinating  squashes,  the 
very  different  use  of  which,  in  riving  the  seed-coat  and  freeing 
the  cotyledons,  has  recently  been  so  well  described  by  Darwin. 

The  second  point  is  that  the  seedling  of  Weiwitchia  promptly 
produces  a  two-leaved  plumule,  decussating  with  the  cotyledons, 
and  it  is  inferred  that  this  pair  of  leaves  (and  not  the  cotyledons 
as  had  been  supposed)  makes  the  permanent  foliage  of  this  strange 
plant  The  living  seedlings  give  as  yet  no  external  evidence  that 
the  cotyledons  are  to  die  off;  but  developed  young  plants  in 
spirit  show  apparent  scars  and  vestiges  which  indicate  such  dis- 
appearance, and  the  arrangement  of  vascular  bundles  within  well 
accords  with  this  view.  It  is  almost  cei*tain  that  the  two  leaves 
of  these  plants  represent  the  permanent  foliage ;  and  the  fact 
that  they  stand  in  the  plane  at  right  angles  with  that  of  the 
"peg"  or  process,  while  this  in  the  seedling  is  directly  under  one 
of  the  cotyledons,  convinces  us  that  the  permanent  foliage  belongs 
to  the  plumular  pair  of  leaves.  a.  g. 

8.  J,  Freyn^  of  Prague^  Austria^  is  engaged  in  the  preparation 
of  a  monograph  upon  the  genus  Ranunculus.  He  is  desirous  of 
obtaining  specimens  of  American  species  and  varieties,  together 
with  notes  relative  to  their  numerical  distribution,  their  habit  and 
habitat.  For  good  specimens  exhibiting  flowers,  leaves  and  ripe 
fruit,  he  will  be  glad  to  exchange  specimens  of  European  desider- 
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4.  Geographical  dist/rihufion  of  certain  Freshwater  Moi 
of  North  America^  and  the  probable  causes  of  their  vaHai 
by  A.  G.  Wethebby. — ^The  January  number  of  the  Joum 
the  Cincinnati  Society  of  Natural  History  contains  the  first 
of  this  important  memoir.  A  notice  is  deferred  until  the  pror 
future  paper  is  published. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  JJistribution  of  Time  Signals, — The  American  Meteorolo 
Society  has  issued  two  circulars  relating  to  the  public  distribi 
of  time  signals.  The  first  calls  attention  to  the  convenien 
having  the  country  divided  into  districts  which  keep  a  time 
fering  one  hour  from  the  times  in  neighboring  districts,  afte; 
manner  explained  in  the  first  volume  of  the  Proceedings  o 
Society,  and  subsequently  commented  on  in  the  North  Amer 
Hevieto  for  December,  1880. 

The  second  circular  includes  a  letter  from  the  chief  signal 
cer  of  the  army.  Gen.  W.  B.  Hazen,  to  the  president  of  the  sec 
Dr.  F.  A.  P.  Barnard.  In  this  letter  the  chief  signal  officer 
presses  the  interest  the  Signal  Service  would  naturally  have  in 
forming  the  important  duty  of  dropping  time  balls  in  the  var 
parts  of  the  country,  wherever  competent  local  authority  will 
nish  an  accurate  standard  of  time,  and  the  cost  of  erection  of 
signal  be  assumed  by  those  interested. 

Tliat  the  public  is  getting  to  be  fully  aware  of  the  econc 
value  of  having  large  sections  of  coimtry  living  under  the  s 
clock  time  has  been  shown  by  the  readiness  with  which  coiniii 
ties  have  united  in  such  a  common  time  when  it  has  been  pro|>( 
to  them.  For  exam])le,  the  bill  establishing  a  common  State  l 
for  Connecticut,  introduced  during  the  present  session,  passed  1 
houses  of  the  legislature  without  a  dissenting  vote:  and  tho 
no  doubt  that  the  Signal  Service  and  the  Meteorological  Soc 
will  confer  a  greatly  recognized  benefit  upon  the  public,  sIk 
they  be  successful  in  introducing  public  time  signals  to 
country  at  large.  Time  balls  are  costly,  though  accurate 
might  be  worth  the  while  to  enquire  into  the  feasibility  of 
establishing  time  guns — which,  though  under  some  comlit 
less  accurate  than  time  balls,  yet  are  generally  more  conven 
to  the  public.  Possibly  some  of  the  artillery  of  the  Ordnj 
Department  which  has  outlived  its  usefulness  in  warfare  ni 
be  used  for  tho  purpose.  We  give  the  memorandum  ac( 
panying  Gen.  Ilazen's  letter  in  the  foot  note. 

MKMORANDUM    No.    1. 

Conditions  on  which  the  Chief  Signal  Officer  cooperates  with  others  in  tlie  n 

tenance  of  a  pnbhc  Standard  Time  Ball  : — 

\fff. — At  any  Signal  Service  Station  already  established  for  the  benefit  of" 
morco  and  agriculture,  and  at  which  two  (2)  or  more  men  are  necessarily  static 
the  Chief  Siu^nal  Officer  will  contribute  such  portion  of  tho  time  of  one  ma 
will  Ije  necessary,  in  order  to  keep  in  perfect  working  order  the  ball,  mast, 
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cal  and  oth«)r  apparatus  at  the  station,  and  will  have  the  ball  hoisted  daily  at  the 
oper  time,  aod  the  electric  connections  properly  made ;  provided  this  does  not,  on 
9  average,  require  more  of  the  time  of  the  man  on  duty  than  one-half  hour  per 

7- 

td. — ^The  expense  of  battery  and  battery-room,  and  of  purchasing,  installing  and 

pairing  the  apparatus,  as  also  the  expense  attending  the  astronomical  determina- 

>n  of  time  and  the  necessary  telegraphy,  must  be  borne  by  other  parties,  and 

i8t  not  in  any  way  be  imposed  upon  the  Signal  Service. 

3dL — ^The  Chief  Signal  Officer  will  not  undertake  such  cooperation  for  the  benefit 

special  individuals,  nor  unless  there  is  satisfactory  evidence  that  the  '*  time  sig- 
Js"  will  be  in  charge  of  such  astronomers  and  institutions  as  can  gruarantee  a 
gh  standard  of  accuracy,  and  the  uniform  maintenance  of  their  part  of  the  time 
rvioe  from  year  to  year. 

4(ft. — The  signal,  which  consists  in  dropping  the  "  time  ball",  must  be  given 
itomatically  by  telegraphy  from  the  Astronomical  Observatory,  which  shall  alone 
» responsible  for  the  accuracy  thereof. 

Uk. — ^The  Chief  Sig^nal  Officer  will  be  pleased  to  publish  such  portions  of  the 
DDual  reports  of  the  observatories  in  charge  of  time  balls  as  relate  to  the  accuracy 
f  the  signals. 

6(k. — Without  presuming  to  prescribe,  the  Chief  Signal  Officer  would  suggest, 
hit  the  interests  of  navigators  as  well  as  of  railroad  travelers,  and  of  the 
iommanity  at  large,  will  probably  be  best  subserved  by  causing  the  respective 
BBie  balls  to  be  dropped  simultaneously  throughout  large  sections  of  the  country, 
lad  especially  at  noon  of  the  meridians  of  76",  SO*",  106''  or  120*"  of  longitude  west 
of  Greenwich,  in  accordance  with  the  following  schedule: 

Atlantic  Coast  time  balls  all  drop  at  noon  on  the  76th  meridian. 
Gulf  Coast  "  "  *'  '*        90th        ** 

Lake  Coast  "  "  '»  '*        90th        " 

Mississippi  Valley "  "  *•  "        90th        " 

Padflc  Coast       •  "  "  "  "      120th        " 

Thna,  for  instance,  at  Washington,  the  time  ball  will  be  dropped  at  exactly  Ave 
boon  oif  Greenwich  mean  time,  which  will  be  eight  minutes  earUer  than  Washing- 
toD  mean  noon,  and  three  minutes  later  than  New  York  mean  noon. 

70.— The  Chief  Signal  Service  Officer  will  take  action  in  reference  to  time  balls 
•t  aoy  station,  so  soon  as  Chambers  of  Commerce,  or  Observatories,  or  other  local 
orgaiiizations  communicate  their  desires  to  him. 

2.  Changes  in  water-level  of  lakes  on  the  borders  of  Oref/07i 
and  California,  —  A  letter  to  the  editors  from  Mr.  B.  F. 
DowELL,  of  Jacksonville,  Oregon,  states  that  Goose  Lake,  30  miles 
long  and  two-tbirds  of  it  in  Oregon,  the  rest  in  (California,  was 
almost  dry  in  1863  and  1854  while  in  1869  and  1870  there  were 
ten  feet  of  water;  its  depth  has  been  increasing  since  1870, 
and  there  is  a  probability  of  its  discharging,  as  at  some  former 
time,  into  Pitt  Kiver.  Clear  Lake  also,  about  two  miles  farther 
south,  is  ten  feet  deeper  than  it  was  in  1863-4;  and  Tulie  Lake, 
in  the  same  region  (the  locality  of  the  lava  beds  where  were  the 
hiding  plae-es  of  the  Modoc  Indians)  is  10  or  15  feet  higher  to-day 
than  then. 

3.  Bibliographie  Astronomique. — The  second  fascicule  of  this 
valuable  work  of  Messrs.  Ilouzeau  and  Lancaster  has  been  dis- 
tributed. It  is  devoted  to  Spherical  Astronomy  (110  columns)  ; 
Theoretic  astronomy  (80  columns) ;  Celestial  Mechanics  (100  col- 
ums);  and  Astronomie  Physique  (212  columns).  This  last  subject 
covers  not  Physical  Astronomy  as  usually  understood,  but  cos- 
mogony, satellites,  comets,  meteoi*s,  photometry,  spectroscopy, 
et<j.    The  references  are  to  memoirs,  not  to  complete  works,  nor 
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observations ;   these  are  to  appear  in  other  volumes.     The  work 
seems  to  be  very  complete,  and  will  be  invaluable  to  astronomers. 

4.  Major  J.  W.  Powell  has  been  appointed  Director  of  the 
Geological  Survey  of  the  National  Domam  in  place  of  Clarence 
King  resigned.  His  various  reports  on  the  Kooky  Mountain 
region,  geological,  ethnographic  and  economical,  show  that  he  is 
well  fitted  for  the  position. 

5.  Report  of  the  Superintendent  of  the   United  States  Coasg 
Survey y  showing  the  progress  of  the  work  for  the  fiscal  year  ending 
with  June,  1877.    192  pp.,  with  25  maps.    Among  the  Appendices; 
are  the  following :  Notes  concerning  alleged  changes  in  the  rela- 
tive  elevations  of  land  and  of  sea,  by  Henry  MrrcHELL ;  Descrip. 
tion  of  an  apparatus  devised  for  observing  currents  in  connection 
with  the  physical  survey  of  the  Mississippi  River,  by  H.  L.  Mah- 
iNDiN ;  Description  of  an  optical  densimeter  for  ocean  water,  b^ 
J.  E.  Hilgard;  Comparison  of  American  and  British  standard 
yards,  by  J.  E.  Hilgard;  Description  of  an  improved  open  vertical 
clamp  for  the  telescopes  of  theodolites  and  meridian  instruments, 
by  G.  Davidson  ;  Observations  of  the  density  of  the  waters  of 
Chesapeake  Bay  and  its  principal  estuaries,  by  Lieut.  Coluxs; 
A  quincuiicial  projection  of  the  sphere,  by  C.  S.  Peirce. 

Exercises  in  Practical  Chemistry.  Vol.  I,  Elementary  Exercises,  by  A.  8. 
Vernon  Flaroourt  and  H.  6.  Madan.  Third  edition,  revised  by  H.  G.  Madin. 
480  pp.  8vo.     Oxford,  1880  (Clarendon  Press). 

A  Memorial  of  Joseph  Henry.  528  pp.  Washington,  1880.  Contents:  Intro> 
duction,  Proceedings  in  Congress  relative  to  a  public  commemoration ;  Part  I, 
Obseciuies  of  Joseph  Henry,  pp.  7-27  ;  Part  II,  Memorial  services  at  the  Capitol, 
pp.  37-121 ;  Part  III,  Memorial  Proceedings  of  Societies,  pp.  125-475;  Appendii. 

A  Lecture  on  the  progress  of  the  work  of  completion  of  the  new  improved  bed 
of  the  Danube  at  Vicuna,  and  the  lessons  taiight  thereby,  together  with  a  descrip- 
tion of  the  eataHtrophe  produced  by  the  ice  gorge  of  1880,  by  Sir  Gustave  Wei. 
33  pp.,  with  five  alieets  of  drawings.  (Extract  from  the  Journal  of  the  Society  of 
Austrian  Engineers  and  Architects,  No  3,  1880).  Translated  by  Major  6.  Weitzel, 
U.  S.  A.     Washington,  1881. 

Meteorological  Researches  for  tlie  use  of  the  Coast  Pilot.  Part  II,  On  Cyclones. 
Waterspouts  and  Tornadoes  by  William  Ferrel.  95  pp.  4to,  with  6  plates.  (U.  S. 
Coast  and  Geodetic  Survey.  Carlile  P.  Patterson,  Superintendant).  Methodis  acd 
Results.     Appendix  No.  10  of 'Coast  Survey  Report  for  1878. 

Report  of  the  Director  of  the  Detroit  Observatory  of  the  University  of  Michigan 
to  the  Roard  of  Regents  for  the  period  beginning  Oct.  1,  1879  and  ending  Jan.  I, 
1881.     20  pp.  8vo.     Ann  Arbor,  1881. 

Annual  Report  upon  the  Surveys  of  Northern  and  Northwestern  Lakes  in 
charge  of  Gen.  C.  B.  Comstock,  U.  S.  A.,  being  Appendix  00  of  the  Annual  Report 
of  the  (^hief  of  Engineers  for  1 880.     93  pp.  8vo,  with  a  map  and  several  plates. 

Annual  Report  of  the  Superintendent  of  the  Yellowstone  National  Park  to  the 
Secretary  of  the  Interior  for  the  year  1880.     64  pp.  8vo,     Washington,  1881. 

Note.'*  on  North  American  Microgasters  with  descriptions  of  a  new  species  by 
C.  V.  Riley,  Ph.D.,  20  pp.  From  the  Transactions  of  the  Academy  of  Sciences  of 
St.  Louis,  vol.  iv,  No.  2. 

Parasites  of  the  Termites,  by  Joseph  Leidy,  M.D.  25  pp.  with  two  plates, 
From  the  Journal  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  vol.  viii. 

OBITUARY. 

M.  AciiiLLE  Delesse,  Inspector  General  of  Mines  in  France, 
and  well  known  for  his  able  researches  in  geology  and  mineralogy, 
(Vied  at  Paris  near  the  close  of  March. 
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Abt.  LIII. — Principal    Cha/rdctera  of  American  Jurassic 
Dinosaurs;  by  O.  C.  Marsh.    Part  V .    With  seven  Plates. 

In  previous  articles,  the  writer  has  described  the  main 
chiiraeters  of  MorosatM*us,  Apatosaurus,  Diplodocvs^  and 
AdanioscmruSj  the  best  known  genera  of  the  Scmropoda 
hitherto  found  in  American  deposits.^  The  fortunate  dis- 
covery of  a  nearly  complete  skeleton  of  Brontosaurus  has 
added  many  new  points  to  our  knowledge  of  this  group,  and 
gome  of  these  are  ^ven  in  the  present  communication.  A 
second  species,  equfdly  gigantic  in  size,  has  since  been  found, 
and  its  distinguishing  features  are  also  here  recorded. 

Two  new  genera  from  the  same  formation  are  noticed,  and  an 
outline  of  classification  of  the  best  known  American  Jurassic 
Dinosaurs  is  proposed. 

Brontosaurus  excelsus  Marsh.f 

The  present  genus  may  readily  be  distinguished  from  all  the 
other  &Ji^uropoaa  by  the  sacrum,  which  is  composed  of  five 
ankylosed  vertebr®,  none  of  the  other  genera  in  this  group 
havuig  more  than  four.  The  sternum,  moreover,  consists  of 
two  separate  bones,  which  are  parial,  and  were  united  to  each 
other  on  the  median  line  apparently  by  cartilage  only.  In 
many  other  respects  the  genus  resembles  Morosaurus. 

The  present  species,  aside  from  its  immense  size,  is  distin- 
gaished  by  the  peculiar  lightness  of  its  vertebral  column,  the 
cervical,  dorsal,  and  sacral  vertebrae  all  having  very  large  cavi- 
ties in  their  centra.  The  first  three  caudals,  also,  are  lightened 
by  excavations  in  their  sides,  a  feature  not  before  seen  in  this 
group,  and  one  not  shared  by  the  other  species  of  this  genus. 

♦  This  Journal,  xvi,  411,  Nov.,  1878,  and  xvii,  86,  Jan.,  1879. 
t  This  Journal,  xviii,  603,  Dec.,  1879,  and  xix,  395,  May,  1880. 
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The  Scapular  Arch. 

The  scapular  arch  in  the  present  species  is  fortunately  better 
known  than  that  of  any  other  Dinosaur  hitherto  discovered. 
In  Plates  XII  and  XIII  the  various  bones  are  represented 
separately,  and  in  figure   1  of  the  latter  plate  they  are  in 
position.     The  scapula  resembles  in  general  form  tne  corre- 
sponding bone  in  Morosaurus^  but  the  shaft  is  longer,  and  the 
upper  end  less  expanded.     Tlie  coracoid,  on  the  other  hand, 
differs  materially  from  that  of  Morosa/ur^is^  and  approaches 
more  nearly  that  of  Apatosaunis^  which  is  sub-quadrate  in 
outline.     In  Plate  XII  the  scapula  and  coracoid  of  the  present 
species  are  placed  nearly  in  the  same  plane,  and  the  space 
between  them  probably  represents  about  the  amount  of  car- 
tilage which  originallv  separated  them.     Both  scapulse  were 
found  in  apposition  with  their  respective  coracoids. 

The  two  sternal  bones  lay  side  by  side  between  the  tvo 
coracoids,  and  in  Plate  XIH  they  are  represented  nearly « 
found.  They  are  sub-oval  in  outline,  concave  above,  and 
convex  below.  They  are  parial,  and  when  in  position  nearly 
or  quite  meet  on  the  median  line.  Each  bone  is  considerably 
thickened  in  front,  and  shows  a  distinct  facet  for  imion  with 
the  coracoid.     The  posterior  end  is  thin  and  irregular. 

The  Presacral  Vertebra. 

The  cervical  vertebrae  of  the  present  species  are  quite  num- 
erous, thirteen  at  least  belonging  in  this  part  of  the  column. 
All  are  strongly  opisthoecelian.  The  anterior  cer\'ieAl8  are 
very  small  in  (fomparison  with  those  near  the  dorsal  region. 
From  the  third  vertebra  to  the  middle  of  the  neck,  the  centra 
increase  in  length  and  especially  in  bulk,  but  the  posterior 
cervicals  gradually  become  shorter.  In  Plate  XFV  the  sixth 
cervical  is  represented,  and  this  is  typical  for  the  anterior  half 
of  the  neck.  All  the  anterior  cervicals  have  co<>s6iiied  ribs,  aa 
in  Birds.  In  the  posterior  cervicals,  the  ribs  become  'free. 
The  articular  facet  for  the  head  of  the  rib  rises  gradually  on 
the  side  of  the  centrum,  the  tubercular  articulation  remaining 
on  the  dia])ophysis.  None  of  the  cervicals  have  a  neural  spine. 
The  neural  canal  is  comparatively  small.  The  centra  of  all 
the  cervicals  have  deep  excavations  in  the  sides,  and  the  trans- 
verse processes  are  more  or  less  cavernous.  The  posterior 
cervicals  which  bear  free  ribs  are  remarkable  for  the  great  size 
of  the  zygapo])hy8es,  which  are  here  much  larger  than  elsewhere 
in  the  series.  The  anterior  cervicals  have  several  lateral  cavi- 
ties, while  those  farther  back  have  only  one  large  foramen  in 
each  side  of  the  centrum,  as  in  the  dorsals. 
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The  dorsal  vertebrae  of  this  species  have  short  centra,  more 
or  less  opisthocoelian.     There  is  a  very  large  cavity  in  each 
side  whicn  is  separated  from  the  one  opposite  by  a  thin  verti- 
cal partition.     The  neural  canal  is  nmch  larger  than  in  the 
oervicals.     The  anterior  dorsals  are  distinctlv  opisthoccelian. 
The  neural  spine  has  no  prominence   in    this   region,    Imt 
rises  rapidly  further  back,     in  Plate  XV,  figures  1  and  2,  a 
posterior  dorsal  is  represented  which  shows  tlie  peculiar  char- 
acter of  the  vertebrflB  in  this  part  of  the  series.     The  neural 
spine  is  greatly  developed  and   has  its  summit  transversely 
expanded.     The  vertebne  in  tliis  region,  as  in  all  the  known 
Saurapoda,  have  the  peculiar  diplosphenal  articulation.     This 
18  shown  in  figure  2.      In  the  vertebra  figured,  at  the  base 
of  the  neural   spine,  there   is  a  strong  anterior  projection, 
which  was  inserted  into  the  cavity  between  and  above  the 
posterior  zygapophyses  of  the  vertebra  in  front.     There  appear 
to  be  no  true  lumbar  vertebrae,  as  those  near  the  sacrum  sup- 
ported free  ribs  of  moderate  size.     These  vertebrae  have  both 
nces  of  the  centrum  nearly  flat  or  biconcave.* 

m 

The  Sacrum. 

The  sacrum  in  the  present  species  consists  of  five  well 
cooesified  vertebrae,  and  in  th^  type  specimen  the  centrum  of 
the  last  lumbar  is  firmly  united  with  it,  as  shown  in  Plate  XVI. 
The  striking  feature  about  this  sacrum  is  the  large  general 
cavihr  it  contained.  This  was  divided  in  part  by  a  median 
longitudinal  partition,  as  shown  in  Plate  XV,  figure  3.  This 
sepSim,  however,  was  not  continuous  the  whole  length  of  the 
eacrum,  so  that  the  two  lateral  cavities  were  virtually  one. 
This  extended  even  into  the  lateral  processes.  The  transverse 
partitions  formed  bv  the  ends  of  the  respective  centra  were 
also  perforate,  so  that  the  sacrum  proper  was  essentially  a 
hollow  cylinder.  This  cavernous  character  of  the  sa(».nim  is 
one  of  the  peculiar  features  of  the  suborder  Saurapod^iy  and 
wag  described  by  the  writer,  when  the  first  species  of  this 
group  was  discovered  in  this  country.f  The  statement  that 
any  of  the  group  have  the  sacrum  solid,  like  the  caudals,  is 
evidently  based  on  erroneous  observation. 

Another  peculiar  character  of  the  sacrum  in  the  present 
anus  is  its  lofty  neural  spine.  This  is  a  thin  vertical  plate  of 
Done  with  a  thick  massive  summit,  evidently  formed  by  the 

*Piof.  Cope,  mistaking  the  character  of  these  vertebra)  in  uu  allied  form, 
described  them  as  representing  a  new  genus.  Amphicoelias,  and  even  a  new 
fiuaily,  AmphiccdiidcB.  (Proc.  Am.  Phil.  Soc,  xvii,  24:{.)  All  the  known 
Awropoda.  however,  have  similar  vertebne,  with  opisthocd^lian  contra  in  the 
ttrvioJ  and  anterior  dorsal  regions. 

t  This  Journal,  xiv,  87,  July,  1877. 
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union  of  the  spines  of  several  vertebrsB.     In  front,  it  showe 
rugosities  for  the  ligament  uniting  it  to  the  adjoining  vertebra, 
and  its  posterior  margin  likewise  mdicates  a  similar  union  with 
the  first  caudal.     In  this  genus,  as  in  all  the  Sa/wrapoda^  each 
vertebra  of  the  sacrum  supports  its  own  transverse  procesBeB. 
As  shown  in  Plate  XVI,  the  articulation  for  the  ilium  is  formed 
by  the   coossification   of    the  distal   ends  of   the   transverse 
processes.     The  neural  canal  is  much  enlarged  in  the  sacrom, 
but  proportionally  less  than  in  Stegosamrus, 


The  Caudal  Vebtebb^b. 

In  the  present  species,  the  three  vertebrse  next  behind  the 
sacrum  have  moderate  sized  cavities  between  the  base  of  the 
neural  arch  and  the  transverse  processes.  These  shallow  pock- 
ets extend  into  the  base  of  the  processes,  but  the  centra  proper 
are  solid.  All  the  other  caudals  have  the  centra,  processes,  and 
spines  composed  of  dense  bone.  The  fourth  caudal  vertebra, 
represented  in  Plate  XVII,  figures  1  and  2,  is  solid  through- 
out, and  the  same  is  true  of  the  chevron,  figures  8  and  4.  The 
neural  spines  of  the  anterior  caudal  vertebr®  are  elevated  and 
massive.  The  summit  is  crucif onn  in  outline,  due  to  the  four 
strong  butresses  which  unite  to  form  it. 

The  median  caudals  all  have  low  weak  spines,  and  no 
transverse  processes.  The  posterior  caudals  are  elongate,  and 
without  spines  or  zygapophyses. 


The  Pelvic  Arch. 

The  pelvic  bones  in  the  present  species  are  shown  in  Plate 
XVIII.  The  ilium  represented  is  not  perfect  on  its  upper 
margin,  which  extended  higher  originally  than  shown  in  the 
figure.  Its  anterior  process  for  the  support  of  the  pubis  is 
much  larger  than  the  posterior  one  which  meets  the  ischium. 
The  pubis  is  elongate  and  massive.  It  sends  down  a  strong 
wing  for  union  with  the  ischium,  and  has  in  front  of  this  the 
usual  foramen.  The  distal  end  is  ex])anded,  and  has  on  the 
inner  surface  a  rugose  facet  for  union  with  its  fellow  by  curti- 
lage. The  ischium  is  more  slender  than  the  pubis,  and  has  its 
lower  end  expanded  for  symphysial  union  with  the  one  on  the 
other  side.  This  pelvis  is  more  like  that  of  Atlantosaunii 
than  any  other  of  the  known  fi^enera  of  the  Sau/'oj)0(Ia,  The 
three  bones  shown  in  Plate  iVIlI  were  found  nearly  in  the 
position  represented. 
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Brontosaurus  ampluSy  sp.  nov. 

end  ^ecies  of  this  germs  is  from  the  same  horizon,  and 
rented  by  the  greater  portion  of  the  skeleton.  In  size, 
were  very  nearly  eqnal,  but  they  may  be  distingoished 
by  the  vertebr».  In  the  present  species,  the  dorsal 
e  are  less  massive,  the  dmerences  being  especially 
)le  in  the  zygapophyses.  The  anterior  candals,  more- 
e  withont  the  cavities  noticed  in  the  type  species,  and 
iwise  proportionally  longer.  The  single  sternal  bone 
ear  its  coracoid  is  thinner,  and  has  its  anterior  border 
'^eloped  than  the  corresponding  part  in  Brcmtosamrus 
.  The  metacarpals  of  the  present  species  are  more 
3  than  in  the  other  known  members  of  the  group. 


Diracodon  laticepsj  gen.  et  sp.  nov. 

w  Jnrassic  Dinosaur  of  moderate  size  is  indicated  by 
remains,  among  which  are  the  two  maxillary  bones. 
xe  unusually  slender,  and  peculiar  in  the  large  number 
1  they  contained.  These  teeth  resemble  in  K)rm  those 
nodon,  Owen.  They  have  compressed  serrated  crowns, 
red  on  both  sides.  The  base  of  the  crown  is  expanded, 
ow  this  is  a  distinct  •  neck,  which  will  readily  distin- 
lese  teeth  from  any  hitherto  found  in  this  country.  The 
e  implanted  in  distinct  sockets,  and  there  were  twenty- 
each  maxillary.  There  is  a  foramen  on  the  inner 
st  below  each  tooth,  and  some  large  cavities  on  the 
de  of  each  jaw.  The  teeth  are  very  small, 
front  of  these  jaws  is  edentulous,  and  this  part  curves 
so  far  that  the  snout  must  have  been  a  broad  one, 
batrachoid  in  form. 
Following  measurements  indicate  the  size  of  these  speci- 


mm 


tire  length  of  maxillary  bone 1 70* 

ice  occupied  by  teeth 104* 

ice  occupied  by  eleven  anterior  teeth 60* 

igth  of  anterior  edentulous  portion 62* 

rtical  diameter  of  jaw,  above  eleventh  tooth..  27* 

present  species  was  probably  ten  or  twelve  feet  in 
The  vertebrae  referred  to  this  animal  are  biconcave, 
}  other  characters  known  make  it  probable  that  the 
is  most  nearly  related  to  Laosaurns.  The  known 
\  are  from  the  Atlantosaurus  beds  of  Wyoming. 
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HaUopuSj  gen.  nov. 

The  specimen  described  by  the  writer  as  Nam/>saurus  victor* 
proves,  on  investigation,  to  be  distinct  from  the  type  of  the 
genus  to  which  it  was  referred,  and  presents  some  peculiar 
characters.     Some  of  these  cliaracters  are  as  follows : 

1^  There  are  but  two  vertebrae  in  the  sacrum. 

2^  The  femur  is  shorter  than  the  tibia. 

3^  Tlie  metatarsals  are  one-half  the  length  of  the  tibia. 

^^4)  The  calcaneum  is  much  produced  backward. 

The  last  character  has  not  before  been  seen  in  Dinosaurs,  and 
indicates  a  foot  especially  adapted  for  leaping.  The  s\}m^ 
representing  this  group  may  be  called  IlaiXopus  victor.  Tlie 
animal  was  about  as  large  as  a  fox.  The  geological  horizon  of 
this  specimen  is  near  Die  base  of  the  Atlantosaurus  ])e(k,  in 
Colorado,  and  perhaps  below  them. 

The  collection  of  American  Jurassic  Dinosaurs  now  in  tlie 
museum  of  Tale  College  includes  the  remains  of  several  hun- 
dred individuals,  many  of  them  in  excellent  preservation.  The 
completeness  of  this  series  renders  it  valuable  as  a  basis  of 
classification  for  the  known  American  forms,  and  an  outline  of 
this  classification  may  appropriately  be  presented  in  the  present 
article.  Most  of  the  many  genera  ana  species  represented  in 
this  series  can  be  readily  grouped  in  five  suborders,  as  given 
below,  two  of  which  have  already  been  defined  by  the  writer. 
The  details  of  the  present  classificiitioii,  and  its  application  to 
the  Dinosauria  from  other  formations  in  this  country,  2&  well 
as  to  those  of  Europe,  will  be  reserved  for  a  future  communica- 
tion.    The  outline  of  classification  now  proposed  is  as  follows: 

*  This  Journal,  xiv,  265,  Sept.  18*77. 
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Order  DINOSAURIA,  Owen. 

Suborder  Saubopoda  (Lizard  foot.)  Herbivorous. 

Feet  plantigrade,  ungulate ;  five  digits  in  manus  and  pes. 
Pubes  united  in  front  by  cartilage.     No  post-pubis. 
Precaudal  vertebrae  hollow.     Limb  bones  solid. 

Family  AtlantosauridcB, 

Genera  AUantosauruSy  Apatosaurus^  BrontosauntSy  Dip- 
lodocuSy  and  Morosaurus, 

Suborder  Steoosauria  (Plated  lizard.)  Herbivorous. 

Feet  plantigrade,  ungulate;  five  digits  in  manus  and  pes. 
Pubes  free  in  front.     Post-pubis  present. 
Vertebrae  and  limb  bones  solid. 

Family  StegosauridcB, 
Genus  Stegosaurus, 

Suborder  Ornituopoda  (Bird  foot.)  Herbivorous. 

Feet  di^tigrade ;  four  functional  digits  in  manus  and 

three  m  pes. 
Pubes  free  m  front.     Post-pubis  present. 
Vertebrae  solid  ;  limb  bones  hollow. 

Family  (JamptonotidcB, 

Genera  CamptonotuSy  Diracodoriy  Laosaurus^  and  Nano- 
saurus. 

Suborder  Thkbopoda  (Beast  foot.)  Carnivorous. 

Feet  digitigrade ;  digits  with  prehensile  claws. 
Pubes  codssified  in  front.     Post-pubis  present. 
Vertebrae  more  or  less  cavernous ;  limb  bones  hollow. 

Family  AUosauridcB, 

Genera  AUosauruSy  CreosauruSy  and  Labrosaurus, 

Suborder  Hallopoda  (Leaping  foot.)  Carnivorous  ? 

Feet  digitigrade,  unguiculate  ;  three  digits  in  pes. 
Metatarsals  much  elongated ;  calcaneum  much  produced 

backward. 
Two  vertebrae  in  sacrum.     Limb  bones  hollow. 

Family  Hallopodidce. 
Genus  Hallopus, 

DiNOSAURIA  ? 

Suborder  C(Eluria  (Hollow  tail.)  Carnivorous  ? 

Family  Coduridcv, 
Genus  (Jodurus, 

>  College,  New  Haven,  April  \5,  1881. 
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•ft  Hcapiila  and  cornci.>id  of  Bionkmauna  lanUia,  Mandi;  ono-twtlfth 
nadiral  aiz*.  ",  i-my  ilnr  fare  fi£  K'en"'''  ntviif ;  6-  ruffose  surrace  for 
unioa  with  commiti :  a',  iromcuiiicaii  {lart  of  t^leooid  cavity. 
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FiauBB  1 . — Scapular  arch  of  Bronlnsnuita  exefims.  Marsh,  front  view ;  ooe- 
iditeeDlh  natural  wzc;  i.  ecapulu;  c.  coracniil;  g,  K'^noid  Cavitj;  as, 
rigbt  Btemal  bone;  m',  lelt  Btemal  l>one;  cL  cartilage. 

FionBB  2. — Left  eiernal  bone,  ore.eighth  natural  size;  a,  auperiorviBw;  6, 
ioferior  view;  c,  face  for  coracoi<l;  d,  niargiu  aeit  to  median  line;  c 
inner  front  mai^a ;  ;i,  poBlerior  end. 

FianBB  3. — Scapular  arch  of  young  Rhea  Amtriaina,  lath;  (afier  Parker); 
lliree-fourtlis  catura]  size;  seen  from  below.     Letters  as  above. 
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PiaCBR  I. — Piith  cervical  vertebra  of  Ar<inl(i>auru«  ecristM,  Marsh,  eidc 
FiuuBB  2. — The  same  vertebra,  front  view, 
FlODBB  3. — Ttie  same,  bottom  view. 
FiouHE  4.^The  aame.  back  view. 

The  aigniflcation  of  the  letters  is  the  Bame  \a  all 
coup;  d^  diapophjaifl;  /,  lateral  rornmec  ;  n,  nciii^il 
T,  cervical  rib  ;  z,  anterior  lygapophysiB;  z'.  poBlerio 

All  the  flfpiroB  are  otie-twellth  oaturaJ  size. 


the  fiftiireB,  viz:  6,  ball; 
canal ;  p,  [)arn[xiplirai8; 
r  zjgflpophiBiB. 
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FiaCBB  1. — Dorsal  vertebra  of  Broaloaaurut  exeehta.  Marsh,  aiJe  vienr. 
FiauRB  'i. — The  same,  Imck  view.     Both  one-twelfth  natural  aixe. 

The  sifpiiScBtion  of  the  letters  in  both  Qk"*^^  '^  "^  followa;  6,  ball;  c, 

cup ;  d,  diapophyais ;  /,  foramen  in  centnim  :  n,  neural  cbdbI  ;  p,  parapopti;- 

siM ;  I.  neural  apine ;  t.  anterior  zygapophyais  ;  z',  posterior  lygapophyais. 

FiSDKs'3. — Section   through   second   vertebra   of  sacium  of    BiimliMaariu 

ezcaffiM,  one-tenth   natural  aize;  c,  cavity;  g,  surface  for   union  with 

ilium ;  ne,  neuraJ  canal. 
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Saenim  of  BroaUitanruii  rxaJauii.  Marali,  Keen  (toni  below;  one-teatb 
DBtiirsl  size;  a,  tlri<t  sacml  vertclim  ;  b,  traaswrxo  prnccaa  of  flnil  vertebra; 
c,  traneverse  protesn  ot  wcpoinl  vertebra ;  d.  tronsveree  procesB  or  third 
yertebni;  e,  IransTerBC  prooesB  ol  fourtli  verlebra;  /.J"-/",^",  foramioa 
belweeo  procease))  of  etu-riil  vertebno :  g,  aurfaco  for  udIod  witb  ilium ;  /,  lut 
lumbar  vertebra;  p,  laM  iweral  vertebra. 


J 


t 
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rmtlxat.   Harsh,  side 

Fioi-RB  2.— The  same,  front  view. 

In  both  flgurea  tho  ai(piiScation  of  the  letters  is  bb  follows:  e,  face  for 
rhOTroo  ;  n,  neural  caual ;  ».  neural  spine  ;  i,  transverse  process ;   *,  anterior 
zjgapopfiysis ;  t",  posterior  zygspophjsis. 
FlQUBB  3. — Chevron  of  Bronioaauras  eKCelvu*,  aide  view. 
FlonsB  4. — The  same,  front  view;  A,  hicmal  cunal. 

All  the  figures  are  one-cig:hth  natural  size. 
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In   thi 


thia  ditgram,  ttw   three  pelvic  bonea  are  represented  nearly  ii 
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UV. — Geological  relations  of  the  Limestone  Belts  of  West- 
ikr  Otmnty,  New  York;  by  James  D.  Dana.  With  a  map 
ftteXIX>* 

Mihem  Westc/iester  County  and  Northern  New  York  Island, 

the  account,  on  former  pages  of  this  memoir, f  of  Southern 
ahei^r  County  and  the  adjoining  part  of  New  York  or 
attan  Island,  many  facts  of  general  interest  were  omitted, 
levelopments  which  have  been  announced  have  given  the 
i  great  geological  importance,  since  they  prove,  on  evi- 
»  both  stratigraphical  and  paleontological,  that  the  lime- 
ly  gneisses  and  mica  schists  are  part  of  the  lorig  north-and- 
line  of  the  Green  Mountain  formations,  and  also  part  of 
lOwer  Silurian  series  which  spread  westward  over  the  con- 
L:(  I  propose  here  to  describe,  more  fully  than  has  been 
» the  positions  and  relations  of  the  limestone  areas,  and  the 
in  these  and  the  adjoining  rocks.     Toward  this  end 


V  the  earlier  parts  of  this  memoir,  see  pages  21,  194,  359  amd  460  of  the 
Inme. 

sL  XX,  p.  360. 

it  limeetone  of  the  Green  MouDtain  region,  as  has  been  pointed  out,  in- 
iiiB  limestones  of  Ihe  successive  periods  from  the  Galciferous,  and  probably 
^dial,  to  the  Trenton  period,  as  proved  by  the  occurrence  of  Galciferous, 
yaod  Trenton  fossils  in  the  beds  of  the  same  continuous  limestone  forma- 
Bth  to  the  north,  in  Vermont,  and  to  the  south  in  Dutchess  County,  New 
In  this  they  resemble  the  Lower  Silurian  of  much  of  the  Mississippi  basin, 
b  oontrBSt  with  that  of  Central  and  Eastern  New  York.  The  limestones 
eootinentftl  interior  lie  to  the  west  of  the  Appalachian  Mountain  region,  and 
if  the  Green  Mountains  have  their  largest  development  in  Vermont  to  the 
^tiie  chief  line  of  the  Green  Mountains. 

Toink  8oi.— TuiHD  Series,  Vol.  XXI,  No.  126.— Juke,  1881. 
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I  hare  made  many  additiooa]  obserratJons  which  a 
includad.  The  facte  will  be  foand  to  explaio  the  oriein 
erf  the  features  of  New  York  Island,  and  indeed  of  Ne 
City,  while  illtistrating  also  certain  general  stratigraph: 
tares  of  the  Qreen  Mountain  svatem.  In  order  that  tb 
isay  he  readily  understood,  a  large  geological  map  of  ' 
is  here  added.    (See  Plate  XIX.) 

ExpIanationM  of  the  Map. — The  aocompanving  map  if 
on  a  scale  of  one  mile  to  two  inches.  For  the  sake  of  p 
in  locating  observations,  it  has  upon  it  the  streets  tn 
been  laid  out  over  the  surface*    I  bare  added  also,  fro 

*  "Stiin  map  hu  been  copied,  bTpermiMdou,  fttxa  taw  of  the  niKpB  {S 
oT  tlie  •xo«U«D(  quarto  Auu  of  Westefaeater  Oouatj,  pabliibed  hj  tie 
Been  ft  Co..  of  New  Tork.  Tbe  original  map  of  Uie  Atlsa  la  a  tbird 
icala,  aitd  gives,  among  ICa  many  details,  tlie  boundaiiee  of  propertiea, 
owoara  and  acreage,  over  the  lew  Battled  portion,  and  many  other  par 
pnbllo  Intereat.  Tbe  part  of  New  York  labod  north  of  Oenlral  Park,  o 
Street,  ta  about  six  and  a  quarter  miles  long  out  of  the  total  thirte«n  ■ 
But  it  containa  leaa  than  one-third  the  whole  area  ol  the  ledand,  and  b 
part  of  the  populatioo  of  the  <ify.     I  here  describe,  by  way  of 

Sigiplemml  to  tht  Artide  ■«  the  Ntmt 
vtmber  but,  a  limeatoDe  area  not  indo 
Weatohetter  Coun^  map  [>I  that  artld 
tenda  (see  the  annexed  Bgnre,  and,  for 
eztretnity  of  the  area,  £»  northwest 
the  accompanying  map,  in  both  of  whid 
=  I  mile)  from  Spuyten  Doyvil,  on  tin 
□esriy  (o  tbn  Riverdale  Station  (Riv.  i 
lact  outline  is  not  detomiitiablo ;  for 
o  oiitcropn  on  the  coast  owing  to  ttje 
drift ;  unci  at  Spiiyten  Diiyvil,  whicli  ia 
aoutliorn  extremity,  the  rocks  at  the  m09 
apot  (ulircaxt  of  tiio  forking  of  the  r»i 
nearly  on  a  level  with  the  trackj  in 
giieisa  containing  some  layers  whict 
crumbling  from  weathcriag  iiad  appa 
caiiae  filtrating  watcn>  eaaily  reiiii>v> 
carbonate,  aiinllar  gneiss,  rontaining 
ferous  layers,  outcrops  SriO  yards  to  tlie 
1  huB  llie  smiie  strike  (N.  11°  K.I 
•-G0°  E.),  na  if  a  continuation  of  tl 
border  of  the  area.  Farther  nortli, 
niitcropa  of  tlie  limestone,  and  at  q.  q 
the  more  northern  otic  nn  tbe  Dolulii 
At  jt.  i:  are  limekilns,  and  the  msuM 
Htone  al>out  ttie  more  soulbcm  appear  l< 
in  place.  To  tlie  north  ol  the  norths 
tlie  enstem  limit  probably  follows  tlic 
high  and  aliriipt  declivity.  About  (In 
termination  of  the  area,  outcro]>H  of  gc 
r  tlie  river  south  of  the  Riverdale 
1  an  to  the  north  and  east  The  lii 
I  near  the  quarries  and  the  schist 
the  area  to  the  eastward  have  a  atriko  of  N.  in'-lB"  E.;  but  north  ol 
the  strike  of  the  schist  changes  tii  N.  34°  E.  1'he  schist  adjoining 
largely  homblondic  Some  of  the  bods  of  limestone  at  botli  qiiarrii 
tremolite. 


and  the  Northern  part  of  New  York  Island. 
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some  details  as  to  the  original  topography  of  New  York 
I,  which  street  trading  has  mostly  or  wholly  obliterated, 
y :  the  bay  and  stream  at  the  north  end  of  the  Eighth 
ae  Valley,  whose  waters  flowed  northward  into  Harlem 
;  and  the  stream  of  Manhattanville  Valley — a  remarkable 
3sion  that  crosses  the  island,  obliquely  to  the  bedding  of 
>cks,  from  Manhattanville  on  the  Hudson,  southeast-oy- 
o  East  Eiver,  passing  over  the  northeast  corner  of  Central 
where  the  park  has  one  of  its  ponds  and  a  tributary  brook. 
3  areas  on  the  map  that  are  colored  blue  are  those  of  the 
x)ne,  the  rest  being  occupied  by  schists  (mica  schist  and 
\) ;  %nd  the  dotted  lines  which  are  in  continuation  of  the 
indicate  the  course  of  the  valley,  along  which  the  lime- 
may  perhaps  extend. 

3  T-shaped  symbols,  as  already  explained,  show,  by  the 
ion  of  the  top  of  the  T,  the  direction  or  strike  of  the  bed- 
Df  the  limestone  and  schists,  and  by  the  length  and  direc- 
►f  the  stem,  the  amount  and  direction  of  the  pitch  or  dip 
3  beds.  For  the  convenience  of  the  reader,  I  repeat  the 
between  the  stein  of  Oie  T  and  half  its  top  which  are  adopted 
press  the  angles  of  dip.* 


Dip  of  80 
70 
60 
50 
45 


"  a  ratio  of  1    :  4 
H:  4 

2  :  4 

3  :  4 

4  :  4 


Dip  of  35 
25" 
20" 
15" 
10" 


"  a  ratio  of  5 
6 


7 
8 
9 


4 
4 

4 
4 
4 


Dip  of  5"  a  ratio  of  10  ;  4 


circle  (fig.  21)  indicates  horizontality.  When  the  dip 
\  greatly  within  very  short  distances,  two  stems  are  used, 
g  the  extremes  (fig.  22).  If  there  are  dips  in  opposite 
;ions,  stems  are  put  on  both  sides  of  the  top  of  the  T 


V   \ 


-f  -f 


22. 


23. 


24. 


25. 


23,  24).  These  dips  in  opposite  directions  have  two 
s :  One  is  a  slight  shifting  to  one  side  or  the  other  of  a 
jal,  of  the  axial  plane  of  the  fold ;  fig.  23  for  example, 
Ues  a  variation  from  70°  W.  to  80°  E.  The  oilier  is  a 
quence  of  local  flexures  or  undulations  in  the  stratifica- 

as  in  fig.  24  (the  dips  indicated  by  which  are  25°  and 
And  when   such  local  flexures  arch  over,  the  symbol 

besides  having  stems  in  opposite  directions,  has  a  small 

at  the  center  (the  top  of  an  arch  or  undulation  being 
>ximately  horizontal),  as  in  fig.  25. 

1  a  large  manuscript  map,  a  con veu lent  length  for  the  top  of  the  T  is  eight 
Jters ;  and  this  adopted,  the  above  ratios  are  in  millimeters.  Or,  if  tlie  top  is 
me-thiid  of  an  inch  long  (about  eight  and  one-half  millimeters),  the  ratios 
twenty-fourths  of  an  inch. 
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Additional  notes  on  Oie  Rocks. — The  crystalline  schists  of  the 
region,  as  I  have  stated,  are   mainly  micaceous   gneiss  and 
coarse  mica  schist,  the  one  graduating  into  the   other;  are 
generally  garnetiferous,  and  in  some  places   hornblendic,  or 
contain  hornblende  schist  in  intercalated  beds;  and  have  heen 
found  to  contain  cyanite  at  localities  between  4th  and  6tb 
Avenues  and  42d  and  61st  Streets.*     I  have  now  to  report  that 
the  schist  is  crowded  with  minute  needles  of  fibrolite  at  several 
points  between  the  same  avenues  farther  to  the  north  (north 
of  116th  street),  and  also  in  Westchester  County,  north  of  Mott 
Haven,  near  the  Mott  Avenue  bridge  over  the  Hudson  River 
railroad  track  :  a  fact  which  adds  to  the  close  relations  between 
the   rocks  of  New  York  and  those  of  eastern  Westchester 
County,  at  New  Eochelle,  and  also  those  of  the  northern  part 
of  the  county,  south  of  Peekskill.f 

Gneiss  of  the  normal  type — that  is,  containing  only  a  moder- 
ate proportion  of  mica— is  not  common.     A  fine-grained,  thick- 
bedded,  light  gray  gneiss   containing   little  black   and  white 
mica,  makes  the  bluff  bounding  on  the  west  the  limestone  area 
between   Tremont  and    Morrisania,   and    has   been  q^uarried 
at  several  points.     By  microscopic  examination  of  a  thm  slice, 
I  have  found  it  to  be  tworthirds  granular  quartz,  so  that  it  is 
in  reality  quartzytic  gneiss  or  gneissic  quartzyte.     The  other 
ingredients  are  orthoclase  and  microcline,  with  traces  of  black 
tourmaline.     It  is   porous,   and  weathers  rather   deeply,  and 
loses  thus  its  black  mica  before  it  does  its  firmness.     Among 
the  thicker  beds  occurs  an  occasional  thin  layer  of  mica  schist 

The  presence  of  hornblende  or  hornblendic  schist  appears  to 
have  often  determined  a  crowd  of  subordinate  flexures  and 
contortions  in  the  beds,  and  a  loss  of  distinctness  in  the  minor 
layers.  I  have  explained  this  on  the  ground  that  hornblende 
is  relatively  a  fusil)le  mineral  (being  of  the  grade  8,  on  von 
KobelTs  scale  of  fusibility),  while  the  feldspar  (of  which  ortho- 
clase is  the  prevailing  one)  and  the  mica  (black  and  white)  are 
of  difficult  fusibility  (5  to  6,  on  the  same  scale);  and,  in  conse- 
quence, beds  that  become  hornblendic  in  the  metamorphic 
process  easily  soften  and  bend.  A  good  example  is  seen  in  a 
section  on  llOth  Street,  between  9tl}  and  10th  Avenues,  where 
the  micaceous  gneiss  has  high  dip  (mostly  80"  Uy  90^  but 
varying  locally)  and  in  some  parts  contains  much  hornblende 
This  street  (the  110th)  here  cuts  through  the  schist  transversely 
to  its  bedding,  and  has  on  the  north  side  a  vertical  face  of  an 

*  (-ynnile  wus  first  found  on  New  York  Island  by  Mr.  Ipsachar  CozzeuR,  u 
reporied  by  Dr.  Torroy  in  tliis  Journal,  vi,  364  (1823);  and  Mr.  ('ozzens,in  his 
" (icological  History  ol  Manhattan  or  Now  York  Island"  (1843),  mentinns  tbe 
Dci^fhborhood  of  the  Deaf  and  Dumb  Asylum  (which  was  then  situated  between 
49th  an<i  5()th  Streets  and  4th  and  5th  Avenues)  as  the  locality. 

t  This  Journal,  xx,  24,  200,  20G. 
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xtensive  joint  or  fracture.  The  surrace  over  a  large  area 
x>ks  as  if  made  up  of  the  flat  ends  of  great  and  nearly  bori- 
ontal  columns  (fig.  26).     The  rock  is  here  largely  homblendic, 


■n<l  the  columns  are  obscure  in  their  interior  bedding;  but 
throDgh  the  weathering  or  rusting  of  the  flat  end,  the  fact 
ia  at  times  revenled  that  they  are  a  coinpauted  roll  or  zigzag 
(rf  layers,  as  in  the  annexed  cut  (fig.  27),  representing  one  of 
them  twenty  inches  in  breadth.*  Such  observations  snow  why 
homblendic  metnmorphic  rocks,  when  containing  little  or  no 
qoartz,  often  fail  of  bedding,  and  look  enough  like  igneous 
rocks  to  be  frequently  referred,  without  a  question,  to  ihat  class. 
I  have  observed  other  examples  on  New  York  Island,  and 
one  of  the  most  remarkable  of  them  in  the  11th  Avenue  Park, 
between  133d  and  138th  streets.  The  rock  over  the  higher 
rocky  portion  of  the  Park,  north  of  the  center  (as  long  known) 
islargely  hornblende  schist,  in  many  parts  epidotic.  The  beds 
ire  bent  in  zigzags,  and  sometimes  vary  90°  in  strike  in  a  few 


yards,  owing  to  the  small  variously  inclined  flexures.  Fig.  28 
represents  a  portion  of  one  of  the  zigzag  surfaces,  only  twelve 
feet  broad,  north  of  the  summit  arbor.  The  mica  schist  and 
micaceous  gneiss  outcropping  on  10th  and  1 1th  Avenues  vary 
liule  in  strike  or  dip.  Such  zigzags,  however,  although  com- 
mon in  the  hornblendic  beds,  are  not  confined  to  them. 

*ftuch  facts  explain  the  Matement  ol  Dr.  [j.  D.  Gale  reapeciing  horobleiido  beds 
iDttuKD^Mor  Uh  Avenue,  south  of  McComb'a  Bridge  (cited  in  Mather'n  N.  Y. 
Reporl,  p.  699):  ''  io  places  hornhlcude  ao  predomlnatea  aa  to  cause  the  rock  to 
MODie  K  columiur  Bl 
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The  crystalline   limestone — strictly  dolomite — often   contains 
so  much  dark  brown  or  black  mica  in  scales  as  to  look  like  a 
thick-bedded  gneiss;  yet  it  betrays  its  true  nature,  here  as 
usually  elsewhere,  by  the  occurrence  of  some  crumbling  sur- 
faces.    Besides  tremolite,  chlorite,  with  a  little  graphite  and 
brown  or  black  sphene,  as  before  reported,  the  limestone  con- 
tains  white    pyroxene  in   crystals,   and    green    pyroxene  in 
coccolite-like  grains.     The  white  crystals  accompany  tremolite 
in  northern  New  York,  near  the  King's  Bridge  Koad,*  and  the 
coccolite  variety  characterizes  part  of  the  limestone  of  the 
"  Mount  Eden"  region,  north  of  Fleetwood  Park.     Orthoclase 
in  cleavable  pieces  also  is  sometimes  an  impurity  of  the  lime- 
stone ;  and  pyrite  is  a  common  source  of  disintegration  and 
iron -rust  stains. 

The  limestone  areas  are  in  part  low  and  marshy,  owing  to 
the  easy  destruction  of  the  rock.  But  in  some  parts  of  the 
region  there  are  long,  broad  ridges,  a  hundred  feet  or  so  in 
height  One  of  these  ridges  extends  from  Morrisania  to  Ford- 
ham,  and  many  quarries  have  been  opened  in  it  Another 
of  them,  equally  prominent  but  of  the  less  pure,  gneiss-like 
limestone,  passes  through  "  Mount  Eden,"  and  has  given  occa- 
sion to  the  extravagant  expression  Mount  in  the  name  of  this 
locality  of  prospective  streets  and  houses. 

After  these  general  remarks,  I  proceed  to  the  special  facts 
connected  with  the  limestone  areas  and  the  associated  schists. 

1.  Limestone  Area,  No.  1. 

A.  The  portions  of  the  Area  in  Westchester  County.— Th^ 
general  fact  lias  been  stated  that,  in  this  easternmost  of  the 
belts,  tlie  beds  on  the  eastern  side  have  a  high  eastward 
^^'  dip  (figure  29),  and  on  the  western  usually  a  high 
ivesiward  dip,  corresponding  with  the  idea  that  the 
beds  make  an  anticlinal  flexure.  This  steep  dip 
continues  on  the  eastern  portion  quite  to  the  Harlem: 
but  on  the  western,  it  varies  in  its  northern  part  to  70"^  E.,  and 
south  of  Trcmont  station  from  80""  W.  to  60°  W.,  becoming  50' 
W.  and  less  in  local  folds. 

The  center  of  the  belt  from  Fordham  to  Morrisania,  where  it 
commences  to  widen,  has  equally  high  dip;  but  south  of  this 

*  The  crystals  occur  over  Uio  BurfHce  of  tlie  ground  or  rock  wliere  tlie  limostone 
has  crumbletl  from  woathcriug.  Tliey  are  found  in  8U(^li  places  more  easily  tlian 
in  tlio  solid  rook  in  which  the  accompanying  crywt^ds  of  tremolite  t«nd  to  conceal 
or  disgnine  them.  They  may  be  found  halt  a  mile  south  of  King's  Bridge,  west  of 
tlie  King's  Bridge  Hojid. 

Tlie  specimens  from  this  locality  were  tirst  recognized  as  pyroxene  by  the 
Abbe  Haiiy,  after  an  examination  of  crysUds  sent  him  by  Dr.  Archibald  Bruce, 
the  editor  of  Bruce's  Mineralogical  Journal.  The  fact  is  reported  in  the  last  num- 
ber of  that  Jounial,  published  in  1814,  on  page  206.        • 
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here  are  undulations  in  the  beds  with  dips  of  45°  to  30°  and 
ess,  both  eastward  and  westward,  corresponding  with  a  widen- 
ng  out  of  the  anticlinal.  These  undulations  (of  which  there 
ire  successions  across  the  region)  are  well  shown  in  Melrose,  on 
lllton   Avenue,  above  159th  Street  (see  map),  and  also  near 

31. 


L56th  and  155th  Streets,  (fig.  30,  representing  a  length  of 
thirty  five  yards)  and  on  150th  Street,  east  of  Cortlandt  Avenue 
(fig.  31,  representing  a  length  of  one  hundred  yards).  There 
are  outcrops  also  on  149th  Street. 

Farther  south,  about  140th  Street,  or  below  this,  the  lime- 
stone area  is  divided  into  two  bands,  an  eastern  and  western, 
separated  by  schist — whether  underlyii^g  or  overlying  schist,  is 
considered  beyond. 

The  outcrops  of  schist  which  prove  this  occur  to  the  south, 
between  133d  and  136th  Streets,  east  of  Willis  Avenue  (a  spot 
marked  by  T-symbols  on  the  map).  The  micaceous  beds  are 
undulating,  with  the  dip  in  part  small  and  varying  from  east  to 
west,  thus  conforming  in  character  to  the  limestone  in  the  broad 
part  of  the  anticlinal  from  150th  to  159th  Street**.  But  on  its 
eastern  side  near  the  limestone,  that  is,  toward  the  east  side  of 
the  anticlinal,  the  dip  becomes  high  (70°-90°  K),  conforming 
to  that  of  the  limestone. 

The  general  facts  respecting  the  Mott  Haven  band  of  lime- 
.stone  have  been  stated  on  page  360  of  the  last  volume  of  this 
Joarnal. 

The  schist  making  the  bluff  or  steep  border  along  most  of  the 
west  side  of  this  limestone  belt  between  Fordham  and  Morrisania 
is  in  general  the  quartzytic  gneiss  mentioned  on  page  428, 
though  in  some  portions  micaceous  gneiss  or  hornblende  schist. 
B.  The  limestone  area  in  New  York  Island, — The  eastern  of  the 
two  limestone  bands  does  not  come  out  to  view  south  of  Harlem 
River.  It  probably  extends  on  beneath  the  low,  now  grass- 
covered,  grounds  of  the  west  side  of  Eandall  Island,  the  once 
marshy  coast  opposite,  and  the  channel  of  East  River. 

The  schist  between  the  eastern  and  western  bands  is  exposed, 
north  of  94th  Street,  at  present,  so  far  as  I  have  found,  only  at 
a  point  on  its  eastern  margin — the  whole  area,  like  that  cor- 
responding to  it  immediately  north  of  Harlem  River,  having 
been  low  when  civilization  took  possession.  The  one  outcrop 
referred  to  occurs  on  East  River,  fifty  feet  north  of  123d  Street, 
and  is  exposed  only  at  low  tide.  The  micaceous  gneiss  is  thin 
schistose,  and  the  beds  have  a  strike  of  N.  26°  E.,  with  the 
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dip  60°  W.  But  farther  south  in  the  same  line,  that  is,  east 
of  8d  Avenue,  there  are  large  outcrops  of  micaceous  gneis 
between  89th  and  70th  Streets,  having  tne  strike  of  the  bedding 
N.  30°  E.  The  beds  are  undulating,  pitching  at  small  angles 
both  eastward  and  westward,  except  east  of  Avenue  A  toward 


32. 


or  near  East  River,  where  the  dips  become  high — 90°  to  70°  E. 
Fig.  32  reprepents  a  section  on  75th  Street,  east  of  Avenue  A; 
fig.  83,  another  on  77th  Street,  east  of  the  same  avenue;  fig. 
84,  a  portion  of  a  section  near  East  River. 

They  thus  accord  in  position  with  the  similarly 
situated  beds  north  of  the  Harlem,  and  would  seem 
to  indicate  that  the  anticlinal  is  distinguishable  at 
least  to  this  distance,  although  it  is  hardly  probable 
that  the  limestone  continues  so  far  down  tne  river. 
The  western  or  Mott  Haven  Limestone  band  outcrops  on  the 
island  between  118th  and  124th  Streets,  The  ledge  of  lime- 
stone with  intercalated  gneiss,  north  of  122d  Street  and  east  of 
and  adjoining  Lexington  Avenue,  first  described  by  Mr.  R.  P. 
Stevens,*  is  the  principal  locality  remaining.  It  is  about  125 
feet  in  breadth.  Ilis  section  of  the  limestone  and  schist  con- 
tains an  anticlinal  flexure  (now  hardly  distinct);  but  the  mass 
exposed  is  certainly  but  a  small  part  of  the  whole  limestone 
band,  and  the  flexure  is  evidently  one  of  the  local  flexures  so 
common  in  the  stratification  of  that  vicinity.  The  easternmost 
of  the  beds  on  122d  Street — which  is  about  35  feet  wide  and  the 
purest — bends  from  N.  28°  E.  (the  normal  strike)  toN.  54°  K, 
and  disappears  beneath  the  adjoining  yard  and  house;  and 
probably  the  chief  part  of  the  limestone  band  is  situated  farther 
to  the  east  along  3d  Avenue.  There  are  also  three  layers  of 
limestone  in  the  schist  south  of  122d  Street.  Besides  these 
outcrops,  there  is  much  calcareous  material  in  portions  of  the 
gneiss  east  of  4th  Avenue  between  118th  and  120th  Streets,  as 
reported  b}^  Dr.  Gale,  and  also  on  124th  Street,  which  localities 
lie  to  the  west  of  the  general  range  of  the  band. 

As  to  the  southern  limit  of  the  band  there  is  no  positive 
evidence.  In  view  of  the  range  of  low  land  directly  south 
along  and  cast  of  3d  Avenue,  and  the  outcrops  of  schist  on  the 
western  side,  it  probably  goes  at  least  as  far  as  103d  Street 
Mr.  K.  P.  Stevens,  in  the  paper  already  referred  to,  states  that 
limestone  was  found  18  feet  below  the  surface,  in  50th  Street, 
between  3d  and  4th  Avenues,  in  excavating  for  a  culvert;  and 
this  must  belong  to  the  same  band,  although  the  limestone  is 

*  Annals  of  L\c.  Nat.  Hist,  of  N.  York,  viii,  116,  1865. 
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iterrupted  over  more  or  less  of  the  interval  between,  by  the 
neiss. 

The  schists  west  of  this  line  of  limestone  show  themselves  promi- 
ently  on  New  York  Island  east  of  4th  Avenue  between  i29th 
nd  130th  Streets,  and  also  both  west  and  east  farther  south 
letween  125th  and  114th  Streets.  The  beds  have,  in  general, 
I  dip  of  60°  to  50°.  But  there  are  broad  and  narrow  undula- 
ions,  with  eastward  and  westward  dips,  as  represented  on  the 
nap,  and  illustrated  as  to  general  character  in  figs.  32,  83. 
Some  portions  are  fibrolitic,  as  stated  above;  and  this  fact, 
taken  in  connection  with  the  e^cistence  of  the  related  cyanitic 
schist  in  the  same  line  of  bedding  or  strike  near  42d  and  45th 
Streets,  is  much  in  favor  of  the  conclusion  that  this  western 
overlying  stratum  of  schist  continues  southward  at  least  to  42d 
Slreet,  or  the  vicinity  of  the  Grand  Central  Station;  and  the 
fact  that  limestone  exists  in  the  same  line  of  strike  in  50th 
Street  sustains  this  conclusion. 

2.  Limestone  Area,  No.  2. 

A.  In  Westchester  County. — The  limestone  area  No.  2,  or  that 
of  the  valley  of  Cromwell's  Creek  (called  also  the  Clove)  joins 
that  already  described  through  the  region  of  Fleetwood  Park, 
as  shown  on  the  map.  The  northern  limit  of  the  belt  is  about 
two  miles  north  of  McComb^s  (gr  Central)  Bridge.  At  this  north 
extremity  (in  the  region  of  the  Manhattan  House,  M.)  two  valleys 
come  up  from  the  south  and  meet — the  one  just  mentioned 
or  "the  Clove,"  and  a  more  eastern,  which  passes  into  Fleet- 
wood Park.  The  limestone  of  Morrisania  extends  westward 
over  three-fourths  of  Fleetwood  Park,  and  then  northward  (as 
the  map  shows)  to  join  the  limestone  of  the  Cromwell  Creek 
7alley.  The  high  land  between  the  two  valleys  forming  the 
western  side  of  Fleetwood  Park  consists  mainly  of  schist.  But 
hrther  north  the  schist  makes  only  its  western  portion  for  600 
yards,  and  then  narrows  out  leaving  limestone  alone,  excepting 
in  occasional  intercalation  of  gneiss;  and  it  is  the  kind  of 
limestone  already  spoken  of  as  firm  and  gneiss-like  in  aspect, 
ind  as  containing  much  mica  and  in  places  green  coccolite. 
From  the  ridge,  the  limestone  extends  across  Cromwell  Creek 
7alley :  but  it  is  here  much  less  firm,  and  has  in  general  small 
ind  varying  dip.  The  beds  are  well  displayed  just  east  of 
Central  Avenue  a  mile  north  of  McComb's  bridge  (near  Judge 
Smith's  House)  where  the  layers  dip  eastward  from  30°  to  70® 
ind  some  are  remarkably  chloritic;  and  also  less  satisfactorily, 
3alf  a  mile  farther  north  (opposite  Sibbern's  Club  House,  C). 
[limestone  of  the  firm  thick-bedded  kind  is  exposed  to  view  also 
)n  the  rising  land  east  of  the  lower  part  of  Cromwell's  Creek 
.nd,  at  one  place,  in  sight  from  the  east  end  of  the  161st  Street 
ridge  (the  first  north  of  McComb's),  it  has  been  quarried. 
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The  schist  east  of  the  limestone  alon^  the  west  side  of  Fleet- 
wood Park  is  nearly  vertical  in  its  bedding.  That  on  the  west 
side  has,  north  of  167th  Street,  a  high  dip  to  the  eastward,  like 
the  prevailing  dip  of  the  limestone ;  but  south  of  this  it  becomes 
nearly  vertical,  and  then  westerly,  and,  within  a  fourth  of  t 
mile  of  McComb's  bridge,  the  beds  have  widely  varying  dip 
with  large  contortions  in  the  bedding,  though  westerly  dips  pre- 
vail ;  yet  on  the  Harlem  River  side,  the  beds  have  greater  rega- 
larity  and  stand  nearly  vertical.  As  shown  below,  they  here 
face  the  Harlem  River  band  of  limestone. 

B.   On  New  York  Island. — In  New  York,  the  limestone  band 
of  Cromwell  Creek  Valley  is  in  sight  only,  as  has  been  men- 
tioned, between  131st  and  133d  Streets,  about  one  hundred  and 
forty  yards  east  of  6th  Avenue.*     The  width  of  the  open  lot 
north  of  132d  Street  covered  by  the  outcropping  limestone  is 
about  fifty  yards.     Excepting  a  layer  of  schist  six  or  seven  feet 
thick  the  rock  is  all  a  coarsely  crystalline  limestone.     Its  aver- 
age strike  is  N.  28°  E.,  and  the  dip  is  mostly  to  the  eastward 
60"^,  but  varying  to  40°  and  less.     There  are  also  westward 
dips  and,  near  the  middle  of  the  area,  small  local  flexurea 

To  the  south  of  132d  Street,  where  also  there  is  an  open  lot, 
but  narrower,  the  limestone  shows  itself  at  some  places  over 
the  surface  of  the  lot,  and  then  disappears  as  it  passes  under  a 
fence  located  half  way  to  131st  'Street;  farther  south  it  is  cov- 
ered by  yards  and  buildings  and  other  **city  improvements," 
At  the  outcrops  in  this  lot  the  beds  are  nearly  vertical  and 
have  the  direction  N.  24:°-28°  E.  Just  east,  a  rocky  ledge 
stands  facing  132d  Street,  which,  for  seventy  feet,  fronts  the 
open  lot  north  of  the  street  and  is  chiefly  of  limestone;  the 
remaining  thirty  feet  are  of  mica  schist  with  a  l«iyer  of  lime- 
stone near  its  tniddle.  The  beds  of  the  western  part  of  the 
ledge  are  vertical,  but  those  to  the  eastwaixl  are  variously 
flexed.  There  is  nothing  at  the  locality  to  authorize  a  positive 
conclusion  as  to  whether  the  body  of  the  limestone  band  lies 
to  the  east  or  west  of  this  locality. 

How  far  this  Cromwell  Valley  V)elt  extends  south  of  131st 
Street  is  uncertain.  The  surface  continues  low  to  124th  Street, 
where  rise  the  rocky  lodges  of  Mt.  Morris  Park,  and  this  may 
well  be  its  southern  limit.  Tt  is  a  question,  however,  whether 
it  does  not  narrow  and  pass  by  the  west  side  of  the  park,  and, 
continuing  southward,  enter  the  low  northeast  corner  of  Cen- 
tral Park;  in  which  case  l()3d  Street  would  be  its  farthest  pos- 
sible limit  since  on  102d  the  schists  of  Central  Park  spread 
eastward  across  5th  Avenue,  and  so  bring  to  an  end  the  low 
valley  like  area. 

♦  This  Journal,  xx,  :iG*2  (Nov.,  1880),  where  I  cite  a  remark  respecting  it  from 
K.  P.  8tevens  in  Ann.  Lye.  Nat.  Hist.,  N.  Y.,  viii,  116. 
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3.  Limestone  Area,  No.  3. 

u  ?%e  Limestone. — The  main  facts  respecting  this  area  have 
ady  been  given,  and  I  have  little  to  add  except  the  evidence 
3  reference  to  its  extension  down  Harlem  Eiver.  The  map 
ws  its  position  south  of  King's  Bridge — its  spreading  over 
Inwood  Parade  grounds,*  the  site  selected  for  the  proposed 
osition  of  1888 — and  its  dividing  into  a  western  band  which 
ends  southward  along  the  valley  occupied  by  the  King's 
dge  Road,  the  chief  highway  of  Northern  New  York,  and 
jasiemj  of  greater  length. 

?he  western  band  I  have  not  traced  by  outcrops  beyond 
:th  Street ;  but  the  valley  is  so  well  defined  by  its  western 
.1  of  schist  and  its  flat  bottom  that  there  is  little  doubt  as 
.he  continuation  of  the  limestone  to  187th  Street,  and  it  may 
,  end  short  of  183d  Street,  where  the  valley  fades  out.f  The 
at  southern  locality  of  limestone  mentioned  by  Dr.  Gale  and 
ifessor  Mather  is  just  north  of  the  Inwood  Presbyterian 
urch,  to  the  north  of  which  all  the  old  quarries  of  the  region 
)  situated. 

Dr.  Gale  states,  as  quoted  on  page  519  of  Mathers  N.  Y. 
iport,  that  "at  157th  Street,  about  100  feet  west  of  10th 
irenue,  the  rock  is  entirely  changed  both  in  composition  and 
ucture;  in  composition  it  is  a  mixture  of  limestone  and 
rpentine."  I  have  not  succeeded  in  finding  this  outcrop, 
obably  because  of  changes  since  made  in  the  surface  by 
ading.  The  locality  is  nearly  in  the  line  that  the  western 
nd  would  follow. 

The  existence  of  an  eastern  limestone  band  down  Harlem 
ver  is  placed  beyond  question  by  the  fact — made  known  to 
3  by  Mr.  Beniamin  S.  Church,  Resident  Engineer  in  charge 
the  Croton  Water  Works — that  part  of  the  piers  of  the  Cro- 
1  Aqueduct  bridge,  called  High  Bridge,  rest  on  limestone, 
lemap  gives  the  position  of  the  bridge.  The  following  figure 
presents  a  sectional  view  of  the  structure  reduced  from  a 
icing  obtained  for  me  by  Mr.  Church  at  the  Engineer's  office 

New  York.:t 

Of  the  piers,  numbers  7,  8,  9  have  the  foundations  planted  on 

^  These  grounds  lie  directly  north  of  Sherman's  Creek,  east  of  the  King's  Bridge 

ad. 

•  Within  this  limestone  area,  east  of  the  Inwood  '*  Presbyterian  Church,"  tliere 

I  small  isolated  area  of  micaceous  gneiss,  having  a  nearly  nortlieast  strike.     It 

«8es  the  King's  Bridge  Road  northeast  of  the  church,  and  is  about  225  yards 

g  and  75  wide. 

rhe  magnesiaD  character  of  this  King's  Bridge  limestone  was  first  determined 

Mr.  I.  Cozzens,  who  states  in  his  "Geological  History  of  Manhattan  Island." 

it  it  afforded  him  28  per  cent  of  carbonate  of  magnesia,  and  adds  that  he  made 

9oin  salts  of  it. 

}  The  extremities  of  the  bridge  are  left  off  in  the  copy  here  presented  to  reduce 

to  the  length  of  the  page,  they  being  unessential  to  the  illustration  of  the  geo- 

peal  facts. 
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■|  limestone,  while  nutnbere  3,  4, 

J  11, 12  are  built  on  piles  which  dc 

M  to  rock.     In  the  case  of  piers  10, 1 

^  stone  foundntions,  aa  I  have  lear 

f  the  same  authority,  go  down  t 

■I  below  high  water,  and  the  piles 

■^  farther.     The  lower  ends  of  thes* 

*  consequently  eighty  feet  below  h 

a  level  and  yet  do  not  reach  the  1 

^  Q  the   river   channel.      The   dept' 

te  excavation,  which  is  thus  prove< 

$  there,  makes  it  extremely  prob 

"%  the  material  excavated  to  such 

«  was  limestone  and,   therefore, 

g  rock  extends  eastward  nearly  t< 

,  I  Id  the  case  of  pier  No.  9,  the  '. 

"  was  reached  at  a  depth  of  twentj 

at  the  southeast  corner  of  the  fo 

^  .E  and  thirty-four  feet  at  the  northca 

'  "*  On  such  evidence,  it  is  certain 

I  limestone  passes  the  bridge,  anc 

«  ingly  probable  that  it  extends  to 

e  at  155th  Street;  and,  since  the  y. 

^  linues  southward  in  the  same  li 

.3  the  old  cove  and  streamlet  show 

S  map  at  the  head  of  8th  Avenue, 

^  yond  this,   along  a  range  of  w 

^  were  alluvial  flats,  but  are  now 

a  garden  plots,  either  side  of  the  a 

S'  is  very  probable  that  the  liniest 

g  continues.*     These  low  lands  or 

S  tend   quite    to   Central    Park,   < 

-  Street,  and  terminate  in   the  di 

^  adjoining  its  west  corner,  at  lOUt 

|,  whether  the  limestone  also  exteu 

■^  Park  is  among  the  doubtful  poiii 

1  only  boring  or  e.tcavation  can  n< 

2  B.  .V/((5(  'tasl  of  Oil's  Eastern  {o 
f  River)  limestone  liaiid.  —  Sontll 
;|^  Comb's  Bridge,  along  7th  Aven 
?  are  ledges  of  micaceous  gneiss  v 

intinucd  to  135th  Street;  the 


—  nearly  vertical,  the  dip  being  7 

g  to   the  eastward   to  yO°,   and   tl 

'I  varies  little  from   N.  28°  E.     ' 

*  directly  north  of  McComb's   B 


"  Rcapcfling  this  iipptr  part  of  Stli  Ave 
lljniiiKli  wliifli  8th  AveniiP  ihisscb  in  tliroiiKh 
Ijiit  H  few  loM  «bo¥e  ;1ib  tex^A  ol  \\uT\em  W™ 
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lescribed  above.  On  H«nrlem  River  about  a  mile  north  of  this 
bridge  (or  1^  mile  south  of  King's  Bridge),  at  Morris  Dock 
>tation,  a  light  gray,  fine  grained  gneiss  outcrops,  which  effer- 
vesces on  the  application  of  acid  on  account  of  the  presence  of 
lalcareous  or  aolomitic  material.  This  characteristic  appears 
o  show  that  it  lies  near  the  eastern  border  of  the  Harlem 
liver  limestone.  North  of  this,  to  King's  Bridge,  there  are  no 
>ther  outcrops. 

C.  Schisl  west  of  the  Harlem  River  or  Eastern  limestone  hand, — 
Kt  the  north  end  of  10th  avenue,  south  of  Sherman's  Creek, 
rhere  grading  has  exposed  a  section  of  the  high  prominence 
mce  surmounted  by  "Fort  George,"  the  micaceous  gneiss 
varies  greatly  in  position,  owing  to  irregular  flexures,  its  dips 
changing  from  horizontal  to  vertical,  and  the  direction  from 
N^.E.  to  N.W.  But  to  the  south  along  the  avenue  and  between 
it  and  the  river,  down  to  155th  Street,  the  beds  are  cmite  uni- 
form in  position,  being  nearly  vertical,  70°  E.  to  70°  W.,  with 
the  westing  most  prevalent,  and  the  average  strike  N.  28°  E. 
Farther  south,  the  same  steep  or  nearly  vertical  bedding  con- 
tinues to  .Central  Park,  the  dip  being  generally  85°  E.  to 
70°  E.,  and  the  strike  averaging  N.  29°  E. 

4.  Stbatigbaphioal  relations  of  the  Limestone  and  Schist  of  the 

different  areas. 

Mutual  relations  of  the  limestones, — From  the  statement  of 
facts  which  has  been  made  and  the  exhibition  of  them  on  the 
map,  it  is  evident  that  the  limestone  of  area  No.  1  and  that  of 
No.  2  are  one  and  the  same  mass  or  formation. 

As  to  the  identity  with  these  of  the  limestone  of  the  western 
area,  No.  3,  the  proof  is  less  positive,  since  No:  2  is  nowhere 
yisibly  continuous  with  it,  as  it  is  with  No.  1.  I  have  sus- 
pected that  there  might  be  a  connection  in  the  bed  of  Harlem 
Biver  at  McComb  s  bridge,  because  of  the  varying  flexures 
and  low  dips  in  the  stratification  just  north  of  it  (much  like 
those  of  the  schist  south  of  Sherman's  Creek,  as  shown  on  the 
map)  and  the  contrast  in  this  respect  with  the  beds  just  south 
of  the  bridge.  But  after  a  careful  study  of  the  beds  of  both 
places,  I  think  it  improbable.  Farther  south,  over  the  large 
area  between  135th  Street  and  110th  Street  (or  Central  Park), 
the  land  is  low,  from  a  line  east  of  6th  Avenue  to  one  west  of 
the  8th,  so  low  that  grading  for  streets  has  been  carried  on  by 
filling,  not  by  excavation,  and  no  rocks  in  place  have  been 
encountered.  Such  features  are  of  the  kind  natural  to  a  lime- 
atone  area,  and  suggest  that  a  union  of  the  limestone  bands  of 
the  8th  and  6th  avenues  may  take  place  somewhere  between 
135th  and  120th  Streets. 
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South  of  this  flat  country  there  is  a  sudden  transition  to 
gneissic  hills — those  of  the  Park;  the  limestone  is  absent 
Sfothing  is  seen  of  the  8th  Avenue  belt,  or  of  that  east  of  6th 
Avenue.  Whether  the  formation  continues  southward  under- 
neath the  schist  or  not  is  a  problem  for  further  investigation. 
Some  facts  that  may  have  a  bearing  on  this  point  are  men- 
tioned on  page  363  of  the  last  volume  of  this  Journal. 

Thickness  of  the  limestone. — The  thickness  of  the  limestone 
formation  may  be  best  derived  from  the  northern  part  of  Area 
No.  1,  in  Tremont.  Since  the  beds  stand  nearly  vertical,  the 
thickness  is  about  half  the  width,  and  therefore  not  far  from 
760  feet  From  the  section  at  High  Bridge  over  the  Harlem, 
the  thickness  there  may  be  700  feet,  but  probably  is  not  over 
600. 

Flexures  of  the  Umeslone  and  schists, — The  fact  that  in  Area . 
No.  1,  ill  Westchester  County,  the  dips  are  westward  on  the 
western  side  (with  exceptions  to  the  north)  and  eastward,  on 
the  eastern,  is  sustained  by  my  later  as  well  as  earlier  observa- 
tions, and  seems  to  support  the  conclusion  that  the  limestooe 
makes  an  anticlinal  or  upward  flexura  If  this  inference  is 
correct,  then  the  schist  adjoining  the  limestone  on  its  west  side 
lies  in  a  synclinal  fold ;  and  the  broad  part  of  the  Cromwell 
Creek  limestone  band,  in  the  vicinity  of  Mount  Eden,  and  for 
the  half  mile  south,  is  in  an  anticlinal :  a  single  anticlinal  only, 
although  so  wide ;  for  the  limestone  in  its  western  half  is  in 
low  undulations  where  exposed  farther  south,  and  in  its  eastern 
generally  dips  50°  to  60°,  and  even  less  on  Mount  Eden.  The 
limestone  band  along  the  Harlem  includes  but  one  thicknessof 
the  formation  atid  may  be  the  eastern  band  of  either  a  veir 
broad  synclinal  or  anticlinal ;  probably  the  former,  since  west- 
erly dips  prevail  on  tlie  Harlem  River  or  eastern  side  of  the 
schist  and  easterly  on  that  of  the  Hudson. 

But,  on  the  other  hand,  the  schists  north  of  Tremont  next 
west  of  limestone  area  No.  1,  so  generally  dip  easdvard  that  it 
is  a  fair  question  whether  the  limestone  of  area  No.  1  is  not  in 
a  synclinal  instead  of  an  anticlinal.  Again,  at  the  extremity  of 
this  ridge  of  schist  on  the  north  side  of  Fleetwood  Park  (see 

map)  the  dip  is  westward 
on  the  west,  and  eastward 
on  the  east,  as  if  the  schist 
of  this  belt  was  in  an  anti- 
clinal instead  of  synclinal. 
(Fig.  35  represents  a  ])()rtion  of  the  eastern  end  of  this  section.) 
Further,  the  Mt.  Kden  limestone  dip  to  the  westward  while 
the  schists  to  the  west  of  it,  on  the  west  side  of  Cromwell 
Creek,  dip  eastward ;  and  this  favors  the  idea  of  a  synclinal  for 
this  limestone  instead  of  an  anticlinal. 
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le  statements  make  it  manifest  that  the  question  as  to 
aal  character  of  the  flexures  is  not  easily  cleared  of  the 
that  arise  from  local  displacements  and  from  varying 
Qs  of  the  axial  plane  of  the  flexures.  Uncertainties 
Iso  because  of  the  covering  of  soil  or  drift  over  a  large 
the  region. 

ough  the  plotting  of  sections  from  the  obtainable  facts 
ted  on  the  map)  is  consequently  unsatisfactory  work,  I 
;  the  following  sections  (see  page  441)  as  probably,  in  a 
[  way,  correct.  The  four  sections  cross  the  region  from 
ihe  left)  to  east:  No.  1,  through  Tremont;  2,  through 
ania,  along  168th  Street,  just  north  of  Fleetwood  Park;  8, 
h  Melrose,  along  159th  Street;  4,  through  Mott  Haven, 
188th  Street  A  section  through  Harlem  would  differ 
•om  the  last 

sections  speak  for  themselves,  and  to  one  who  will  ex- 
them  and  the  map  together,  and  carefully  conipare  each 
le  others,  little  explanation  need  be  given.  The  lime- 
tratum  is  the  blocked  portion  ;  that  of  the  underlying 
s  closely  lined  ;  that  of  the  overlying  schist  more  openly 
svith  alternate  broken  lines.* 

seen  that,  on  this  view  of  the  flexures,  the  ridge  of  schist 
f  the  limestone  of  Ford  ham  and  Tremont  is  part  of  an 
fijig  stratum ;  and  it  is  interesting  to  observe  .that  the 
to  a  large  extent  quartzytic  gneiss,  which  suggests  that 
correspond  to  the  Potsdam  sandstone  and  the  schist 
ted  with  it  in  some  regions  (as  near  Peekskill  and 
:ins'  Cove).  Its  veins  are  mostly  of  quartz.  The  syn- 
)f  the  Cromweirs  Creek  limestone,  shown  in  section  1, 
3S  covered  with  schist — ovtrlying  schist — south  of  Mt 
as  appears  in  section  2,  and  this  ridge  extends  south  to 
BLaven,  appearing  in  sections  8  and  4,  and  beyond.  It 
laces  fibrolitic  to  the  north  of  Mott  Haven,  as  well  as  to 
ith. 

Bther  the  schist  between  Cromwell's  Creek  and  the  Har- 
iver  limestone  is  in  one,  two,  or  more  folds  is  uncertain  ; 
ily  one,  the  actual  thickness  of  this  underlying  stratum 
ist  is  large,  and  only  a  small  lower  portion  of  it  is  con- 
in  the  belt  of  schist  west  of  Tremont 
two  westernmost  bands  of  limestone  in  section  1  are 
)f  Area  No.  3, — the  eastern  or  Harlem  Kiver  band,  and 
stern  or  King's  Bridge  Koad  band.  They  are  represented 
opposite  sides  of  a  synclinal  with  overlying  schist  between, 
other  sections  only  the  eastern  of  the  two  occurs.  This 
is  mostly  micaceous  gneiss  and  mica  schist,  all  the  way 
th  Street,  but  contains  in  some  parts  hornblende  schist. 

local  flexures  in  the  beds  are  intended  to  show  only  that  there  are  local 
not  to  represent  special  flexures. 
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5.  Origin  of  yarious  Topographical  Features  of  Nbw  York  Islavd. 

Valleys  and  Low  Areas. — From  the  distribution  of  the  lime- 
stone, as  exhibited  on  the  map,  and  the  fact  of  its  easy  wear  or 
erosion,  we  derive  explanations  of  several  topographical  features 
of  New  York  Island  and  the  adjoining  region.  For  example 
we  learn — 

Why  Harlem  river  has  its  present  position  and  depth,  and  its 
north  and  south  course ;  Why  there  is  an  **  Eighth  Avenue  val- 
ley;"  Why  the  "In wood  parade  grounds"  are  a  broad  rolling 
region  from  the  Harlem  to  the  Kind's  Bridge  Boad  ;  Why,  aoutn 
of  the  Inwood  Presbyterian  Church,  there  was  a  King's  Bridge 
Boad  valley,  to  fix   the  position  of  that  old  highway;  Whj 
Sherman's  Creek  bends  around  the  Fort  George  heights;  Why 
Cromwell's  Creek  exists  and  the  valley  or  "Clove"  to  the 
north  ;  Why  Fleetwood  Park  is  low  and  nearly  flat,  except  its 
western  side;  Why  Third  Avenue  in  Harlem  and  the  region 
east  of  it  is  low ;  Why  wide  flats  (with  small  exceptions),  extend 
from  East  River  more  than  two-thirds  of  the  way  across  the 
island,  just  north  of  Central  Park;  and,  perhaps,  why  there  is 
an  East  River  channel. 

The  limestone  lands  that  are  not  low  may  owe  their  height 
to  the  fact  that  erosion  follows  water  courses ;  but,  besides,  the 
rock  when  in  nearly  vertical  beds — usually  the  fact  in  such 
places — is  generally  of  a  firmer  kind,  because  the  pressure 
which  gave  the  beds  this  position,  served  to  compact  the  rock 
and  so  favored  closer  and  better  consolidation. 

Trends  of  Ledges  and  City  Avenues, — We  also  find  a  good 
reason  for  the  precise  direction  given  by  the  city  surveyors  to 
the  New  York  avenues — it  being  the  mean  direction  of  the 
strike  or  direction  of  the  bedding  in  the  gneiss,  and  thence  of 
the  rocky  ledges  of  the  island.  Many  parts  of  the  avenues  in  the 
northern  half  of  the  island  have  now  a  low  even  wall  on  one 
side  or  the  other,  made  by  a  flat  and  nearly  vertical  cleavage- 
surface  of  the  schist.* 

The  Ma)i]taiianville  Valley, — The  Manhattanville  Valley  (or  ] 
Manhattauville  and  Harlem,  as  called  by  Dr.  Gale),  which  cuts  1 
across  the  island  obliquely  from  Manhattanville  on  the  Hud- 
son in  a  nearly  soutlieastward  direction,  is  one  of  its  most  ex- 
traordinary geological  and  topograpliical  features,  as  mentioned 
on  page  427.  It  reached  East  River,  in  a  broad  creek  and 
marsh  south  of  108th  Street ;  and  so  low  lay  the  surface  along 
it  from  one  side  of  the  island  to  the  other,  that  in  1826  a  canal 
was  projected  that  should  here  connect  Harlem  River  with  the 
Hudson  ;  and  the  canal  was  so  far  constructed  that  a  celebra- 
tion took  place  of  the  completion  of  the  first  lock. 

*  The  avenues  of  New  York  run  N.  28°  50^'  K.     Tliis  parallelidm  between  the 
strike  of  the  beds  and  the  avenues  is  referred  to  \>j  Dr.  Gale. 
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The  valley  is  supposed  by  Dr.  Gale  to  have  had  a  glacial 
origin,  since  it  follows-  quite  closely  the  course  of  the  glacial 
grooves  over  the  island.  But  the  rocks  point  to  its  earlier 
existence  and  a  profounder  cause. 

The  general  direction  or  strike  of  the  beds  of  schist  on  the 
west  side  of  8th  Avenue  is  about  N.  29°  E. — the  dip  being 
nearly   vertical.      But   near   this  Manhattanville  Valley,  the 
strike,  while  normal  to  the  north  of  it,  to  the  south  diverges 
from  this,  and  in  a  way  to  show  that  the  valley  probably  had  its 
initiation  in  an  oblique  wrenching  and  faulting  of  the  rocks.     The 
map  gives  the  facts,  by  means  of  the  T  symbols,  better  than 
can  be  done  hj  words,  representing  along  the  high  rocky  land 
of  Morning  Side  Park,  an  increase  of  easting  to  the  northward 
up  to  the  valley ;  and  then,   north  of  it,  along  St.  Nicholas 
avenue,   on   the   eastern   side   of   the  Convent   Grounds,  the 
usual  or  normal  strikes.     Besides  this  fact,  derived   from  the 
strike  of  the  rocks,  there  is  another  of  apparent  importance  in 
the  position  of  the  rocky  bluffs ;  for  they  are  100  yards  farther 
west  just  south  of  the  valley  than  they  are  north  of  it ;  in  other 
words  the  alluvial   flats — now  garden   plots — at  the  base  of 
these  bluffs  extend  100  yards  farther  west  along  by  the  north 
part  of  the  Morning  Side  Park  than  by  the  Convent  Grounds 

There  is  still  a  third  fact  bearing  on  this  question  of  a 
wrenching.  Along  the  southwest  part  of  the  Convent  Grounds, 
the  beds  of  schist  have  an  eastward  pitch  or  dip  of  50°  to  60°, 
while  80°  to  90°  on  the  east  side  and  to  the  north.  The  varia- 
tion in  the  pitch  of  the  beds  might  have  resulted  from  a  local 
anticlinal ;  but  it  is  probably  due  to  simply  an  irregular  bend- 
ing of  the  schist;  for,  on  10th  Avenue,  just  northwest,  the 
beds  of  schist  become  again  nearly  vertical,  and  quite  so  in  the 
eastern  part  of  the  Park  and  north  of  it.  Whatever  be  true 
as  to  the  nature  of  the  flexure,  the  facts  support  the  idea  of 
a  wrenching  in  the  schists  of  the  vicinity;  for  these  variations 
in  pitch  are  not  found  south  of  the  Manhattanville  Valley.* 

Finally,  we  may  conclude  that  the  pre-determi nations  of  the 
fundamental  features  of  New  York  Island  date  back  to  the 
era  of  the  Lower  Silurian,  and  to  the  epoch  of  mountain-making 
at  its  close.  No  other  rocks  that  now  remain  have  been  added 
by  subsequent   geological  operations  excepting   the  loose  or 

♦  If  the  occurrence  of  limestone  and  seri>ontine  on   157th  Street  near  10th 
Avenue,  mentioned  by  Dr.  Gale  (see  page  A2\\)  should  be  verified,  it  would  give 
some  support  to  the  view  that  the  western  band  of  limestone  of  Area  No.  3  i? 
continued  at  intervals  south  of  I83d  Street;  and  in  that  case  it  is  possible,  though 
hardly  probable,  that  it  determined  the  course  of  the  valley  which  passes  south- 
ward through  the  "  Park  "  between  nearly  vertically  bedded  schist,  and  tbence 
along  the  west  side  of  the  Convent  Grounds  to  Manhattanville  Valley  at  I>L\\ 
Avenue.     Were  such  the  fact,  the  western  band  of  limestone,  or  its  place  in  t\\e 
synclinal,  would  there  join  the  eastern  band. 
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unconsolidated  material  of  the  surface.  Fissures  and  faults 
may  have  occurred  through  subterranean  movements ;  but  the 
work  of  shaping  its  ledges  has  gone  forward  chiefly  by  the  action 
of  the  sun,  atmosphere,  ocean,  rivers,  and  ice ;  and  the  present 
condition,  barring  human  encroachments,  is  the  final  result 
Man's  encroachments  have  dried  up  the  Manhattanville  stream 
and  its  marshes,  excepting  the  small  part  that  has  been  left 
as  a  pond  in  the  northeast  corner  of  Central  Park,  with  its 
tributary  rivulet;  and  the  old  alluvial  flats  that  remain  will 
soon  grow  houses  in  place  of  garden  vegetables.  In  these  and 
other  ways  the  opportunity  for  the  geological  study  of  the  island 
is  rapidly  passing.  Whoever  cares  to  see  the  disappearing  lime- 
stone outcrops  in  Harlem,  between  3d  and  4th  and  5th  and  6th 
Avenues,  must  make  his  excursion  soon. 

[To  be  contmued.] 


Art.  LV. — Papers  on  Thermometry  from  the  Winchester  Observ- 
atory of  Yale  College ;  by  Leonard  Waldo. 

[CoDtiDued  from  page  226.] 

For  the  comparison  of  standard  thermometers  the  observa- 
tory has  had  constructed  by  J.  and  H.  J.  Green,  of  New  York, 
a  water  comparator  which  consists  essentially  of  an  outer  and 
inner  vessel  with  an  intermediate  space  of  1*5^  filled  with 
lamp-black.     The  outside  cylinder  is  of  copper  and  is  21^  in 
diameter  and  72°™  high.     The  inner  cylinder  is  of  brass.     Two 
stop-cocks,  one  at  the  top  and  another  at  the  bottom  of  the 
double  cylinder,  allow  of  the  easy  addition  to  or  the  lessening 
of,  the  water  within.    The  agitation  of  the  water  is  accomplished 
by  a  brass  ring  plunger  19*2^  in  diameter  and  having  a  circular 
aperture  of  7^  to  allow  of  the  placing  in  position  of  the  ther- 
mometer stand  within.     The  thermometers  are  completely  sub- 
merged, and  after  agitation  the  plunger  is  brought  to  rest  at 
such  a  height  that  its  disc  forms  with  a  perforated  disc  fixed  to 
the  thermometer  stand,  a  metal  diaphragm  which  prevents  the 
circulation  of  the  water  during  the  reading  of  the  thermometers.. 
The  temperature  being  brought  to  the  requisite  height  by  a 
Bunsen  burner  beneath  the  comparator,  the  burner  is  withdrawn, 
the  water  is   thoroughly  agitated   by  the  plunger,  which   is 
brought  to  rest  finally  with  its  disc  in  the  same  place  as  the 
stationary  disc  of  the  thermometer  stand  (through  which  the 
thermometers  pass)  and  after  a  few  moments  the  thermometers 
are  read  in  the  usual  manner  through  a  thick  glass  window  in 
hont.    For  high  or  low  temperatures  it  is  convenient  to  pre- 
Fent  radiation  from  or  to  the  base  of  the  cylinders  by  a  mat 
H'iich  can  be  brought  close  against  the  base  when  the  Bunsen 
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burner  is  removed.*  With  this  apparatus,  and  with  the 
assistance  of  Mr.  O.  T.  Sherman,  a  comparison  between 
the  German  standards  "  Fuess  89"  and  "Fuess  50."  the 
French  standards  "  Tonnelot  2584 "  and   "  Tonnelot  2585,"t 

*  The  general  principle  is  that  of  Pierre.    Vid.  Rechen^ies  aiir  la  Thermom- 
etrie  et  sur  la  dilatation  des  LiquideSi  par  J.  I.  Pierre.    Caen,  1878.  p.  57. 

f  Of  the  various  methods  proposed  for  the  determination  of  the  calibration 
errors  of  thermometers,  those  of  Newmann  and  Bessel  leave  little  to  be  desired  for 
elegance  or  rigor  of  treatment.    As  a  matter  of  practice,  however,  enpeciallj 
where  many  thermometers  are  to  be  furnished  with  calibration  correciiona,  these 
methods  require  too  much  Ume  except  for  the  most  refined  work.     The  following 
method  will  give  the  calibration  corrections  at  nine  points  (inclusive  of  the  termi- 
nal points)  equi-distant  with  three  columns  of  mercury,  or  at  seventeen  poiDti 
with  four  columns.    The  colunms  need  be  only  approximately  of  the  lengths  of 
h  h  ii  6tc.,  of  the  length  to  be  calibrated  respectively,  and  the  principle  of 
subdivision  is  employed  rather  than   the  super-addition  of    short    calibrating 
columns.    The  objection  to  the  method  is  that  no  weight  is  given  to  the  summa- 
tion of  short  mercury  columns  in  determining  the  calibration  corrections  at  long 
intervals.    The  increase  of  accuracy  by  the  introduction  of  the  short  colunms  for 
multiples  of  their  own  length  is  doubtful,  however,  when  the  number  of  additional 
readings  is  considered. 

Lot  /  =  the  length  of  a  column  of  mercury  occupying  the  half  of  the  distance 
between  the  freezing  and  boiling  points  in  a  thermometer  nearest 
the  freezing  point. 

I,  =  the  length  of  a  column  of  mercury  occupying  the  half  of  the  distance 
between  the  freezing  and  boiling  points  in  a  thermometer  nearest 
the  boiling  point. 

^(/,— /)=:A  8  =  4-o=  the  calibration  correction  for  the  point  midway  between  the 

freezing  and  boiling  point. 

.  .  A  2   .  .  A  1  .  .  Al=  these  corrections  for  points  situated  .  .  i^  .  .  iV  •  •  i^h  of 

the  distance  between  the  freezing  and  boiling  point,  assuming  that 
the  errors  of  calibration  at  the  freezing  and  boiling  points  are  zero. 

b,  ?>',=:  the  calibration  correction  at  the  points  corresponding  to  A  i,  and  Aa  on 

to  I  Q 

the  assumption  that  the  correction  at  the  point  A.e.  is  zero, 
r,  c',  r'',  c"*  —  the  calibration  correction   at    the    points  corresponding  to  As 
Ad,,  All).,  A  Li  on  the  assumption  that  the  corrections  at  the  points 

i  b  lb  lb 

A  4   and  Ai5i  are  each  equal  to  zero. 
(/,  (i\  d"  .  .  ,  f/*'**  =  the  calibration  correction  at  the  points  corresponding  to  Ai^ 

A. a,,  A./L, Ai(  on  the  assumption  that  the  corrections  at  the 

points  A  2,,  A  ti„  Aio,  Aii  are  each  equal  to  zero. 

And  we  may  write,  for  a  calibration  determination  at   fifteen  intermediate  points, 
tlie  following  equations  which  admit  of  rapid  and  simple  computation  : 


A  =0 

0 

A.i^,  =  \a  -^  ^  -\-  \c  -\-  d 

A -i^.  =  la  -{-  '\h  -\-  r 

A. 3  =  frt  +  f/>  +  \c  -\-  d' 

Hi  "  •  ^ 

A  I,  =  ia  +     h 


A.8,  =     a 


IG  " 


^IJ  =  tirt  +      ^ 


A^f.^  =  |a  -f  J6  +  \c'  + 
A.|ft,  =  %a  -^  'ih         cf 


;// 


/// 


Ai4  =  ■!«  +  W  +  ^C''  +  rf^i 

1  b 

A,     =  0 


For  !i  ciilibration  ('onipiitation  for  seven  intermediate  points,  instead  of  fif 
we  simply  omit  the  formul.i'  contiiiiiiiig  d,  d\  etc.,  and  conversely  the  eomputali 
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,nd  the  Kew  standards  **Kew  578"  and  "Kew  584"  was 
aada  The  usual  precautions  were  taken  to  arrange  the  ther- 
IOmeter  readings  so  as  to  free  them  from  the  effects  of  com- 
parator radiation,  and  after  correcting  the  observations  for  their 
:nown  errors  of  calibration  and  zero  points,  the  Fuess  and 
?ODnelot  readings  were  subtracted  from  the  Kew  readings  and 
rom  the  residuals  thus  obtained  a  curve  was  drawn  from 
7hich  the  following  corrections  were  obtained,  expressed  in 
Centigrade  d^rees. 

lorrections  (dependiug  on  tho  glass  and  the  tliermometcr  construction)  necessary 
to  reduce  the  Fuess  and  Tonnelot  standards  to  the  Kew  standards. 


A 

A 

A 

A 

FoMsmand 

Tonnelot  9681  and 

Fness  89  and 

Tonnelot  2SM  and 

Nkllaii 

Fnem  SO. 

Tonnelot  2985. 

Beading. 

FaesaSO. 

Tonnelot  2586. 

0** 

o'-oo 

o'-oo 

55*' 

-O'^^O 

-0'*-24 

5 

-002 

000 

60 

-019 

-0-28 

10 

-003 

000 

65 

-017 

-0-28 

15 

-005 

-002 

70 

-015 

-0-27 

20 

-o-ot 

-0-05 

75 

-014 

-0-26 

25 

-009 

-009 

80 

-0-12 

-0-25 

30 

-oil 

-Oil 

85 

-010 

-0-22 

35 

-013 

—014 

90 

—007 

-019 

40 

-015 

-0-17 

95 

-005 

—009 

45 

-on 

-0-20 

100 

000 

0-00 

50 

-019 

-0-22 

I  have  also  received,  through  the  courtesy  of  Pi*ofessor  Row- 
land, of  the  Johns  Hopkins  University,  the  notes  of  compari- 
son made  between  Kew  584,  Fuess  50,  Tonnelot  2585  and  the 
standards  of  his  laboratory,  Baudin  6163,  Baudin  6165,  Baudin 

maj  be  made  to  include  thirty-one  intermediate  points  by  the  insertion  of  another 
term,  e,  ef,  etc. 

As  an  illustration^  take  the  following  example  of  the  calibration  of  the  thermom- 
eter ''Tonnelot  2585,"  which  is  graduated  in  Fahrenheit's  scale  from  the  freezing  to 
the  lioiling  points  and  has  l°=r8'"'°.  The  columns  marked  li  and  /  contain  tlie 
lengths  of  the  three  columns  of  mercury  at  the  respective  places  in  the  thermom- 
eter tabe  indicated  by  a,  6,  &^  and  c,  c',  c*,  (/'':  of  course  /]  merely  indicates  that 
it  is  the  upper  column  and  has  a  value  of  about  SO"*,  43"*  and  24**  successively. 

10  ssO'^-OOO  at  32''0F. 

•004--002  +  -018  =+-012  at    54-5F. 

•008-005  =--013  at    770P. 

•012--002-006  =-*020at    99-5F. 

c=  +  0*018  and  A^e^,=  --015  =-*0l5  at  122*0F. 

=  23-600-  23-613    c'=—  0006  and  AjS  =  — 


=89'-l90— 89°-220/.  a=-0'*015  and  A^=- 
=  42-'743—  42-752  b=—  0005  and  A^*^=- 
=  42-700—  42.720  6'=—  0-010  and  A^fi.=  - 
-  23-630—  23-593 


=  23-620—  23-617  c''=  +  0002  and  A|2=- 


012--005+002  =--009atl44-5F. 
008-010  =--018  at  1670F. 

004-005— -006  =  — -015  atl89-5F. 
0-000  =  0-000at212-0F. 


'=  23-600-  23-612  c'''=-  0006  and  A|j=- 

The  Tonnelot  thermometers  referred  to  were  made  in  April,  1879,  and  have  a 
Taduation  extending  from  -h  5**  to  +  230**  P.  with  about  1-8™"  to  l^  Tliey  are 
livided  to  0'''5  F.,  having  a  total  length  of  about  455™*"  with  cylindrical  bulbs  about 
0*»«»  long.  They  are  beautifully  calibrated  and  are  otherwise  highly  creditable 
o  their  maker,  Tonnelot,  of  Pans. 


446  L,  Waldo — Papers  on  Tharmom^ry. 

7316,  and  Kew  104,  which  afford  the  meana  of  expressing  tbe 
three  first  named  thermomeiera  in  terms  of  the  air  tnermometer 
used  by  Professor  Rowland.  After  tabulating  the  corrected 
obaervatioDS  and  referring  each  thermometer  to  Bowland's 
absolute  scale*  a  combination  of  the  Yale  and  Johns  Hopkins 
comparisons  gives  as  a  probable  value  of  the  relation  between 
these  standards  and  the  air  thermometer,  the  following  system 

of  corrections  to  be  applied  to  the  Kew,  Puess  and 

Tonnelot  standards  respectively. 


Ths  ctirre  (or  Uii«  tber- 
momeler  shows  sligbt  ir- 
regularities on  both  (rid«i 
of  the  absolute  scale,  id 
no  case  giTini;  a  carrection 
excMding  —  D°-U4  C„  and 
generally  within  — 0''03 
C.  of  it  Since  to  idoM 
these  correctiona  woidd 
imply  that  Jolly's  air  Iber- 
Diomeier  giree  correct 
indica[i<niB  to  O'l'^,  I 
coDBider  the  cotnpttiara 
aa  uncertain,  and  asBiUM 
that  Kew  SS4  bae  a  bduII, 
uodeterniined       ncgitjie 

raadinga  to  Uie  abaolulo 
scale  between  -t-  25*  and 
+  75°C. 


In  order  to  examine  into  a  small  systematic 
difference  which  exists  between  the  comparisons 
made  by  Professor  Rowland  and  ourselves,  an  air 
thermometer,  of  the  form  shown  in  the  cut,  nas 
placed  in  the  comparator  with  the  standiirds  above 
described.  This  modified  form  of  Jolly's  thermom- 
eter consi.sts  of  a  lat^e  splierical  bulb  (about  5*  in 
diameter)  with  a  capillary  tube  at  c  which  serves  a 
purpose  in  attaching  the  bulb  to  the  brass  plate 
c/e  and  is  used  as  an  entrance  tube  for  dry  air  in 
filling.  When  filled  the  iahn  c  is  sealed  in  the 
blow-pipe  flame.  The  capillary  h  ends  in  a  barom- 
eter tube  (7,  5™  in  length,  at  the  lower  end  of  which  a 
rubber  tube  forms  the  connection  with  a  long  barometer  tube, 
/  e,  of  the  same  glass  as  d.  Tube  /  e  projects  through  an 
aperture  in  the  top  of  the  comparator  and  ha."*  a  smooth  ver^cal 
motion  in  a  V-shaped  trough  in  which  it  is  held  by  spring.s.  Itsi 
vertical  motion  is  communicated  by  the  hand  of  an  assistant 

•Vid.  On  tiie  Mechimioftl  E([iiiv.ilc[it  of  Heat,     Proc.  Km.  Acail..  BoM.,  ISSW 
p.  113. 
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antage  of  this  form  of  air  thermometer  is  that  the 
le  apparatus  is  at  the  temperature  of  the  comparator, 
3ed  in  a  medium  which  will  give  us  with  great  pre- 
temperature  of  the  mercury  in  the  air  thermometer 
le  corrections  for  the  air  contained  in  the  capillary 
bove  the  mercury  in  the  small  chamber  become  zero, 
ilso  no  necessity  for  the  long  capillary  tubes  and 
ats  which  occur  when  the  Jolly's  air  thermometer 
•cury  columns  outside  of  the  comparator, 
id  vantage  of  this  form  is  that  above  40°  C.  the  cor- 
the  tension  of  mercury  vapor  in  the  columns  is  dif- 
jterraine.  I  had  hoped  to  give  our  own  comparison 
lir  thermometer  in  tnis  paper,  but  I  have  only  had 
vtisfy  myself  that  we  reach  very  nearly  the  same 
Professor  Rowland  has  done  before  us.  In  a  subse- 
IV  I  hope  to  discuss  this  part  of  the  question, 
lave  been  observed  that  the  three  forms  of  thermom- 
jn  are  typical  and  represent  the  forms  now  in  use  by 
cien. 

leral  characteristics  of  the  above  classes  of  thermom- 
be  described  as  follows  : 

ation.  Chftracteiistlci. 

ndards.  Thick  stems,  medium  sized  cylindrical  bulbs  blown 

from  a  separate  piece  of  glass  and  joined  to  the  ther- 
mometer stem.  This  glass,  however,  is  supposed  to  be 
from  the  same  pot  as  the  glass  of  which  the  stem  is 
composed.     Flint  glass  known  as  ''  Poweirs  best  flint." 

Andards.  Ttiin  stem,  small  cylindrical  bulbs  blown  from  the 

same  glass.    Detached  porcelain  scale.    Glass  unknown. 

b  standards.  Medium  stem,  long  cylindrical  bulbs  blown  from  the 
same  glass.  The  comparison  with  the  Johns  Hopkins 
Baudin  thermometers  shows  the  glass  to  be  practically 
the  same  in  both. 

consideration  of  the  above  comparisons  we  reach  the 
conclusions : 

Kew  standards  made  from  the  glass  known  as  "Pow- 
flint,"  and  of  the  chemical  and  physical  constitution 
w  standards  578  and  584  are  very  nearly  coincident 
air  thermometer  between  the  freezing  and  boiling 
water;  the  maximum  correction  not  exceeding 
and  reaching  its  maximum  probably  in  the  vicinity 

Fuess   standards   have   a    maximum   correction    of 
•20  C,  which  occurs  at  a  point  beyond  the  50°  point 

ell  k  Sons,  Wliitefriars  Glass  Works,  Temple  street,  E.  C,  London, 
a  to  these  gentlemen,  for  the  chemical  constitution  of  this  glass,  but 
illing,  presumably  from  business  reasons,  to  state  the  proportions 
aDufacture. 
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3.  The  Tonnelot  standards  have  a  maximum  correction  of 
about  — 0°*25  C,  which  occurs  at  some  point  beyond  50^ 

There  has  not  yet  been  proposed  a  tnermometer  which  can 
be  used  to  supplant  the  mercurial.  A  slight  experience  with 
the  air  or  non-mercurial  liauid  thermometers  will  satisfy  the 
observer  that  they  are  too  aifficult  to  use  for  ordinary  scien- 
tific work  outside  of  researches  in  thermometry.  The  non- 
mercurial  liquid  thermometer  wets  the  glass  and  absorbs  air  to 
such  an  extent  as  to  always  make  it  unreliable,  though  the  pe- 
culiar errors  depending  on  the  glass  itself  are  reduced  to  an 
exceedingly  small  amount  owing  to  the  large  linear  expansion 
of  any  liquid  used  for  a  thermometric  substance  as  compared 
with  mercury. 

It  becomes  therefore  of  importance  that  we  should  have 
a  glass   of    known   constitution   and    methods  of    manufac- 
ture, for  mercurial  standards.      It  is  not  sufficient  that  we 
should  know  only  the  commercial  name  of  the  glass,  because 
this  seldom  gives  any  good  idea  of  its  constitution.     Presuma- 
bly the  chemical  constitution  of  the  glass  is  of  more  importance 
than  its  manipulation  in  manufacture,  and  it  hardly  seems  iust 
to  science  for  the  glass  makers  to  decline  to  furnish  such  data 
regarding  thermometer  tubing  as  will  best  enable  students  to 
investigate   the    j)eculiaritie8  of    particular  standards.      The 
manufacturers   could    hardly   suffer   financially   from   such  a 
revelation,  since  the  manufacture  of  thermometer  tubing  is  so 
largely  a  question  of  individual  skill  in  drawing  the  tubing 
from  the  mass. 

Out  of  a  very  large  number  from  many  makers  which  we 
have  examined  in  this  connection,  it  may  be  safely  said  that 
the  glass  used  in  the  Kew  thermometers  (and  in  general  in  the 
best,  modern  English  thermometers)  most  nearly  gives  a  mer- 
curial standard  agreeing  with  the  air  thermometer.  The  French 
and  German  "glass  differ  in  general  i°  C.  from  this  standard  at 
50°  C,  and  the  best  American  glass  now  used  in  thermometers 
about  the  same  amount 

For  our  own  convenience  in  the  preparation  of  standards  we 
desire  to  pursue  our  inquiries  far  enough  to  determine  if  possi- 
ble in  how  far  the  behavior  of  glass  as  a  thermometric  sub- 
stance is  affected  by  its  constitution  and  its  methods  of 
manufacture.  The  present  state  of  the  matter  leads  to  aeon- 
fusion  in  the  making  and  examination  of  standards  which  is 
perplexing  alike  to  the  maker  and  the  student  of  science  who 
has  not  the  refined  appliances  necessary  to  refer  every  ther- 
mometer to  the  air  standard. 

After  publishing  the  description  of  the  Fuess  standards  at  |). 
227,  I  received  a  note  from  Dr.  Fccrster  asking  me  to  give 
publicity'  to  the  following  letter  from  Dr.  Thiesen  in  reply  to 
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fessor  Rowland's  views  regarding  the  Geissler  thermometers, 
ressed  in  his  memoir  referred  to.  1  append  to  the  letter  a 
her  defence  by  Professor  Rowland  of  his  views. 


tier  frofn  M.  Thiesen  relying  to  RowlancPa  criticism  of  the 

Oeissler  thermometers, 

err  Professor  Rowland  hat  sich  an  mehreren  Stellen  seiner 
landlung  "  On  the  MechaniccU  Equivalent  of  Heat  J'*  (Proc. 
.  Ac.  Arts  and  Sciences,  Vol.  XV^,  in  sehr  starken  Worten 
irtheilend  Uber  die  Geissler'scben  Thermometer  ausgesprochen. 
wird  keiner  eingehenden  Vergleichung  der  Vorztlge  und 
;btheile  der  von  den  verschiedenen  Verfertigern  herrdhrenden 
in  den  einzelnen  L&ndem  bevorzugten  Formen  des  Queck- 
erthermometers  bedtlrfen,  um  nachzuweisen,  dass  das  von 
rn  Rowland  gefdillte  Urtheil  zu  weit  geht,  da  die  beiden  von 
m  Rowland  gerdgten  Fehler  der  Geissler'schen  Instrumente 
kt  derartige  sind,  dass  sie  zu  ernsten  Bedenken  gegen  den 
senschaflliohen  Gebrauch  dieser  Instrumente  Yeranlassuug 
en. 

iun&chst  verwirft  Herr  Rowland  das  Geissler'sche  Thermometer, 
1  dasselbe  am  Ende  der  Kapillarrohre  kein  Reservoir  trftgt.* 
r  Nutzen  eines  derartigen  Reservoirs  ist  aus  den  von  Herrn 
wland  (Seite  79)  angeftlhrten  Grdnden  anzuerkennen.  Es  er- 
ihtert  die  Kalibrirung  des  Thermometers,  es  erlaubt,  nach 
ilferdin's  Vorgang  das  Instrument  auch  bei  hdhern  Tempera- 
en  zu  gebraucheu,  und  es  vermindert  die  Schadlichkeit  der  im 
ecksilber  zurtlckgebliebenen  Spuren  von  Luft.  Aus  diesen 
linden  sind  auch  oereits  vor  dem  Erscheinen  der  Abhandlung 
)  Herrn  Rowland  deutsche  Fabrikanten  auf  den  Nutzen  dieses 
servoirs  hingewiesen  worden.  AUein  deshalb  darf  der  Mangel 
es  Reservoirs  nicht  zur  Verwerfung  des  Instrumentes  ftlhren. 
ich  beim  Mangel  eines  Reservoirs  gelingt  die  Kalibrirung  eines 
ermometers  leicht  und  sicher.  lierrn  Professor  W.  Foereter 
Berlin  sind  zahlreiche,  meist  von  Beamten  der  Kaiserlicheu 
irmal-Aichungs-Kommission  ausgefUhrte  Kalibrirungen  von 
ermometern  mittelst  einer  Anzahl  (5tlers  tlber  20)  abgetrennter 
ecksilberf&den  von  genau  bestimmter  Lange,  aber  kein  Fall 
UDDt,  in  welchem  die  Abtrennung  eines  Fadens  nicht  gelungen 
re.  Der  Gebrauch  eines  Thermometers  bei  hohern  Tempera- 
«n,  als  sie  abgelesen  werden  konnen,  wenn  alles  Quecksilber 
e  zusammenhangende  Masse  bildet,  dUi*fte  keinem  wirklichen 
dtirfnisse  entsprechen  und  kann  nicht  zu  genauen  Resultaten 
iren,  sobald  der  Eispunkt  des  Thermometers  in  seinem  neuen 
Btande  nach  Abtrennung  einer  Quantitatdes  Quecksilbers  nicht 
^elesen  werden  kann.    Die  in  den  Geissler'schen  Thennometern 

Seite  79 :  Geissler  and  Casella  omit  it  (the  reservoir),  which  should  condemn 
r  thermometers.  8eito  117:  The  Geissler  also  had  none,  but  I  succeeded  in 
iratiug  a  column.  The  absence  of  a  reservoir  at  the  top  should  immediately 
lemn  a  standard,  for  there  is  no  certainty  in  the  work  done  with  it. 
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noch  vorhan<]encn  Spuren  von  Luft  cndlich  koniieii  nur  bei  sebr 
engen  Ilohren  Storungcn  venirsachen. 

T)er  zweito  Fehler,  welcheii  Herr  liowland  dem  (Teiftsler'sclien 
Thermometer  vorwirfl,  ist  seine  yon  Rowland  gefundene  grosse 
Abweichung  vom  Luftthermometer.*     Eine  solche  Abweichnng 
wird  nur  dann  Hcbadlich  wirkcn  konnen,  wenn  sie  tLbcrBehen  wird; 
beHtimmt  man,  wie  Ilerr  Rowland  es  that,  die  Abweichung  vqm 
Luftthermometer  experimentell,  so  wird  es  wenig  ausmachen,  ob 
die  an  den   Thermometerablesungen    anzubringende   Korrektion 
gross  oder  klein  ist     Ausserdem  aber  ist,  es  muss  ausgesprocheo 
werden,  die    von    Herrn    Rowland  gefundene    Abweichung  der 
einzehien  Tliermometer  von  Luflthermometer  ohne  dauernde  Be* 
deutung.      Das  —  der   leider   audi  in  Deutschland  bisher  meist 
tlblichen  liechnungsweise  entsprechende  —  Verfahren  Rowlaud^it, 
die  Ablesungen  der  Thermometer  bei  den  verschiedenen  Tempe- 
raturen  mit  einander  zu  verbinden,  ohne  der  gleichzeitigen  Aen- 
derung  des  Kispunktes   der  Thermometer  Rechnung  zu  tragen, 
ftlhrt  zu  Resultaten,  welche  vom  Alter  des  Thermometers,  von 
seiner  I^ehandlung  vor  und  dem  modus  procedendi  w&hrend  der 
Vergleichungen  abhangen.f      Resultate,   welche   wesentlich  nur 
von  der  Natur  des  Thermometers  abh&ngen,  ergeben  sich  dage- 
gen,  wenn  unmittelbar  nach  der  Vergleichung  bei  den  ciozelneD 
Temperaturen  der  Eispunkt  des  Thermometers  bestimmt  und  in 
Rechnung  gezogen  wird. J      Wenn  Herr  Rowland  sich  die  Mtlbe 
geben   wollte,   neuerdings   das   Geissler'sche  Thermometer  oder 
audi  Baudin  0167,  welches  cine  dem  Geissler'schen  ahnliche  Kor- 
rektion  ergab,  auf  100°  C.  zu  erwarmen  und  etwa  mit  einera  der 
andern     inzwiKcheii    niehrcre   Monate  unbertlhrton   Haudin'schen 
Thermometer  bei  0*^,  50°  und  100°  C°.  zu  vergleichen,  so  <larfteer 
bei  50°  eine  wesentlidi  kleinere  Differenz  zwischen  diesen  Thermo- 
metern,  vielleidit  sogar  eine  von  entgegengesetztem  Zeichen  alg 
1878  finden. 

Zuni  Sohlusse  mag  nooh  erwahnt  werden,  dass  von  Beobach- 
tern,  welche  sidi  einujeliender  mit  dem  Quecksilberthermometer 
besciiaftigt  liaben,  audi  andere  Fdiler  der  Geissler'schen  Thermo- 
meter aufj^efunden  sin<l,  welche  mehr  mit  der  Eigenart  dieser 
Tliermometer  verknttpft  siiid,  als  die  von  Rowland  gorOgten 
Mangel.  Dicse  Uebelstande  sind  zum  Theil  durch  wetiientliche 
Neueruiigen,  wdche  in  der  Fabrikation  der  dentsdien  Themio- 
metcr  in  den  Ictzten  Jaliren  geinadit  wurden,  beseitigt  worden.§ 

IliTliii,  (k'li  11.  Miir/,  IHHl.  Dr.  M.  Thiesex. 

*  S<'it<»  7r. :  which  is  tlio  wornt  in  thin  respect.  Sc'ito  118:  The  (Jeiwler  8lill 
siMMMS  to  retain  iis  j)rc(Mnin(Mi(H»  as  having?  th<'  ^reat<?Ht  error  of  tlio  lot. 

f  >'n'\\o  (lie  Aemlerun^  lies  (r'-l()()    Intcrvalls  des  Kew  slandanl,  SeitoOT. 

J  V<'r>;l.  rernet  "  Heiiniure  znr  Thennouiotrie  in  Carl's  He^K?rtoriiim  fiir  Kxperi- 
rneiitalphysik,  Ud.  XI.  S.  2.")",  Muiieh(?n  1H75,''  iind  nanicntlich  die  iiii  Pniokbe- 
lindliehen  *  Melronoriiisehcn  Hoitni^v  No.  ."J,  herausg:.  von  W.  FcK*rst<T.  Berlin 
ISHl,"  und  «'ine  eU-nfalls  iin  I>ruek  befhidliche  I'ublikation  des  Buroiiu  Inter 
national  des  Toids  et  Mesuros  zu  Sevres. 

J^  Sielie  Loewtadierz  "  Horicht  iiher  die  Wissenschaftlichen  Instmnient*  auf  der 
Iterliner  (JowerhuausstcllunK  im  .lahre  1870,  Berlin  1880,  ^^eite  213,  214." 
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miarks  by  Professor  Rowland  on  the  preceding  letter^  in  a  com- 
municcUion  dated  Johns  Hopkins  University^  April  29, 1881. 

Through  the  kindness  of  Dr.  Waldo,  I  have  been  allowed  to  see 
e  above  and  would  like  to  give  a  few  words  of  explanation. 
In  reading  what  I  had  to  say  with  respect  to  the  Geissler  ther- 
jmeter,  the  reader  should  remember  tnat  I  was  not  writing  on 
neral  thermometry,  but  only  on  that  part  which  should  be  use- 
[  to  me  in  measuring  differences  of  temperature  within  the  limits  of 
and  45°  C.  And  so  I  merely  made  a  study  of  thermometers, 
eir  change  of  zero  and  other  points,  as  it  anected  the  problem 
lich  I  had  before  me.  I  am  well  aware  that  there  are  iormulsB 
r  giving  the  changed  readings  of  thermometers  due  to  previous 
ating,  but,  according  to  well  known  principles  in  such  cases,  I 
efered  to  eliijiinate  such  error  by  the  proper  use  of  the  ther- 
3meter  rather  than  trust  to  an  uncertain  theory. 
In  the  course  of  my  investigation  I  discovered  the  fact  that  the 
sissler  thermometers,  especially  the  one  I  then  used,  departed 
are  from  the  air  thermometer  than  any  other.  Now  the  Geiss- 
:  thermometer  has  been  used  for  many  years  by  physicists,  prin- 
pally  German,  without  any  reduction  to  the  air  thermometer, 
nd  this  correction  was  so  great,  amounting  to  over  0°*3  C,  for 
e  specimen  I  used,  at  the  46°  point,  that  I  thought  it  right  to 
11  attention  to  the  point.  And  I  acknowledge  that  the  picture 
is  present  in  my  mind  of  a  physicist  reading  a  thermometer  from 
distance  by  a  telescope  to  avoid  the  heat  of  the  body  and  par- 
lax,  and  recording  his  results  to  thousandth  of  a  degree,  and  all 
is  on  a  thermometer  having  an  error  of  0°'3  C. !  As  Dr.  Thiesen 
marks:  If  one  is  to  compare  his  thermometer  with  the  air  ther- 
ometer,  the  amount  of  correction  is  of  little  importance :  but  de- 
irture  from  the  air  thermometer  is  certainly  not  a  recommendation 
id,  indeed,  must  introduce  slight  errors.  The  most  accurate 
adings  which  one  can  make  on  an  air  thermometer  will  vary 
veral  hundredths  of  a  degree. 

Hence  we  can  never  use  with  accuracy  the  direct  comparison 
ith  the  air  thermometer  but  must  express  the  difference  of  the 
70  instruments  by  some  formula  of  the  form 

^=.a  +  bt  +  ct*  +  <fcc. 

Should  we  take  an  infinite  number  of  terms  this  formula  would 
cpress  all  the  irregularities  of  our  observations.  But  by  limiting 
le  number  of  terms  the  curve  of  differences  becomes  smoother 
id  smoother  and  the  formula  expresses  less  and  less  the  irrega- 
rities  of  the  experiment.  The  number  of  terms  to  be  used  is  a 
atter  of  judgment,  and  this  point  I  sought  to  determine  by  the 
§e  of  the  observations  of  Regnault  and  others.  The  rejection  of 
le  higher  powers  of  t  is  more  or  less  of  an  assumption  founded 
1  the  fact  that  we  are  reasonably  certain  that  the  curve  of  differ- 
ices  between  the  mercurial  and  the  air  thermometer  is  a  smooth 
irve.  It  is  evident  that  the  less  the  correction  to  be  introduced 
le  less  the  rejection  of  the  higher  powers  of  t  will  affect  our 
isults. 
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We  now  come  to  my  criticism  of  the  Geissler  thermometer  fo 
not  having  a  reservoir  at  the  top.  Dr.  Thiesen  has  in  some  wa; 
misunderstood  my  principal  reason  for  its  presence.  My  reasoi 
was  not  that  '^  es  vermindert  die  Sch&dlichkeit  der  im  Quecksilbe 
zurtickgebliebenen  Spuren  von  Lutl ''  but  that  only  by  its  use  cai 
the  mercury  in  the  bulb  be  entirely  free  from  air.  Take  a  thei 
mometer  and  turn  it  with  the  bulb  on  top.  If  the  thermomete 
is  large,  in  nine  cases  out  of  ten  the  mercury  will  separate  am 
fall  down :  allow  it  to  remain  and  observe  the  bubble-like  vacu 
um  in  the  bulb.  Turn  the  bulb  in  various  directions  so  as  to,  ai 
it  were,  wash  the  whole  interior  of  the  bulb,  and  then  bring  tfa( 
thermometer  into  a  vertical  position,  keeping  the  babble  it 
sight.  As  the  mercury  flows  back,  the  bubole  diminishes  and 
finally,  in  a  good  thermometer,  almost  disappears:  bat  in  most 
thermometers  a  good  sized  bubble  of  air,  in  some  cases  as  large 
as  the  wire  of  a  pin,  remains.  It  is  the  most  important  fiiDctior 
of  a  reservoir  at  the  top  to  permit  such  manipulations  as  to  drive 
all  such  air  into  the  top  reservoir  and  to  make  the  mercury  and 
the  glass  assume  such  perfect  contact  that  the  bulb  can  be  turned 
uppermost  without  the  mercury  separating,  even  in  thermometen 
of  large  size  and  with  good  generous  bulbs.  In  many  Greisslei 
thermometers  such  a  test  might  succeed,  not  on  account  of  the 
freedom  from  air,  but  because  the  capillary  tube  and  bulb  are  so 
small  and  the  column  so  short  that  the  capillary  action  is  suffi- 
cient to  prevent  the  fall.  Now  I  think  that  a  thermometer  in 
which  there  is  this  layer  of  air  around  the  mercury  in  the  bulb 
must  be  uncertain  in  its  action ;  hence  my  opinion  is  unalt<?ml 
that  all  thennometers  in  which  we  cannot  remove  this  layer  or  at 
least  make  certain  of  its  absence  should  be  rejected. 

Furthermore,  with  respect  to  calibration,  the  reservoir  is  not 
essential  to  the  calibration  of  thermometers  whose  range  is  0  and 
100°  C.  But  my  remarks  aj)ply  better  to  those  whose  range  is 
between  0  and  'W°  C.  or  40  C  Here  calibration  is  impossible 
with  a  short  column  at  ordinary  temperatures  unless  some  of  the 
mercury  can  be  stored  up  in  the  reservoir  so  as  to  allow  the  col- 
umn to  move  over  the  whole  scale.  And  it  is  within  this  limit 
that  thermometers  are  ol'  the  greatest  value  in  the  physical  labo- 
ratory. 

The  other  defects  of  the  Geissler  thermometer,  the  scale  which 
was  always  coming  loose,  the  metal  cap  which  was  never  tight 
and  always  allowed  water  to  enter,  the  small  capillary  tube 
which  wandered  with  perfect  irregularity  from  side  to  sine  over 
the  scale,  all  these  were  so  obvious  tliat  I  confined  my  remarks 
to  the  more  obscure  errors. 

Furthermore,  I  believe  there  is  some  error  in  most  Geissler 
thermometers  from  the  small  size  of  the  bulb  and  the  capillary 
tube,  and  this  I  have  mentioned  on  p.  124  of  the  paper  referred 
to.  Pfaundler  and  Platter,  in  a  paper  on  the  specific  heat  of 
water,  in  Poggendorft^'s  Annalen  for  1870,  found  an  immense 
variation  within  small  limits.     In  a  subsequent  paper*  the  author 

♦  roggendorfTs  Aunaleu,  cxli,  p.  537. 


H.  A,  Hazen — Reduction  of  Air-pressure  to  Sea-level.     453 

iced  this  error  to  the  lagging  of  the  thermometer  behind  its  true 
Guiing. 

The  authors  used  Geissler  thermometers  graduated  to  ^y®  C. ! 
a  series  of  experiments  made  by  plun^ng  tlie  thermometer  into 
Iter  after  slightly  heating  or  coolmg  the  thermometer  so 
at  in  one  case  the  mercury  fell  and  the  other  rose  to  the 
e  required  point.  When  the  thermometer  fell  about  6**  or  8®  C. 
lagged  behmd  0**0654  and  when  it  rose  3°  or  4°  it  lagged  0°022, 
Gtking  a  difference  of  0°'087  C. !  Now  my  thermometers  made 
r  Baudin  show  no  effect  of  this  kind.  They  indicate  accurately 
e  temperature  whether  they  rise  or  fall  to  the  given  point, 
ovided  the  interval  is  not  too  great.  The  fact  then  remains  that 
Geissler  thermometer  graduated  to  -5*^°  C.  may  be  uncertain  to 
*087  C,  while  a  Baudin  graduated  to  mm.,  one  mm.  being  from 
r*"  to  T^°  C.  is  not  uncertain  to  0°01  or  0°-02  C.  May  not  the 
.use  be  found  in  the  layer  of  air  around  the  mercury  of  the  bulb 
hich  cannot  be  removed  without  a  reservoir  at  the  top  ?  Or 
ay  we  not  also  look  for  such  an  effect  from  the  minute  size  of 
le  bore  of  the  capillary  tube  which  creates  a  different  pressure 
1  the  bulb  from  a  rising  or  falling  meniscus  ?  Possibly  the  two 
ay  be  combined. 


IRT.  LVI. — On  the  Reduction  of  Air-pressure  to  Sea-level^  and 
the  Determination  of  Elevatio7is  by  the  Barometer ;  by  H.  A. 
Hazen,  A.M. 

It  is  apparent  that  the  two  divisions  of  this  subject  are  so 
dtimately  connected  that  the  formula  which  may  be  deter- 
ained  for  the  one  will  apply  to  the  other. 

In  the  last  number  of  this  Journal,  page  366,  it  has  been 
hown  that  the  barometric  formula  of  Laplace  does  not  prove 
ati^actory  in  making  reductions  of  individual  observations  to 
lea-level,  if  the  elevation  of  the  station  equals  6,000'.  In  con- 
iDuing  the  discussion  the  effects  of  humidity  and  latitude  are 
!br  the  present  omitted ;  neither  can  affect  the  results  aimed  at, 
Swr  the  reason  that  the  corrections  due  to  them,  when  applied, 
San  only  affect  the  final  result  by  a  small,  nearly  constant 
quantity. 

We  will  determine  first  the  exact  variations,  at  some  eleva- 
tion, of  the  bights  computed  from  Laplace,  at  different  pres- 
mres  and  temperatures.  The  method  proposed  on  page  364, 
irhich  I  have  already  q^uoted,  has  been  adopted  in  construct- 
og  Table  I.  Yaldobbia  and  Alessandria,  inland  stations  of 
'taly,  have  been  chosen,  as  mean  daily  observations  for  8J 
'ears  at  these  stations  have  been  published  side  by  side  in  the 
foncalieri  Meteorological  Bulletin.     Valdobbia  is  about  8,200' 
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high,  situated  in  latitude  46°  north,  and  seventy  miles  i 
Alessandria,  in  45°  north  latitude  and  318'  high. 

•  Table  I.— (In  millimeters). 


-6»C. 

-ir. 

0". 

8". 

r. 

r. 

12«. 

15°. 

IS'. 

21'. 

550 

744-0 

743-9 

7411 

739-8 

555 

752-0 

749-6 

746-6 

745-2 

744-1 

742-5 









560 

757-1 

755-6 

753-9 

7521 

7600 

748-2 

746-2 

744-7 

7430 



565 

762-5 

7610 

759-6 

7581  755-3 

754-4 

752-3 

750-3 

744-5 

670 

769-0 

7630 

764-8 

7630  761-5 

759-0 

7681 

756-1 

754-6  753-1 

In  this  table  the  first  horizontal  row  of  figures  represent«^ 
mean  temperature  between  the  two  stations,  each  vertical 
umn   contains  a  mean   of  all  the  pressures  observed  at 
lower  station  for  3^  years  at  the  time  of  the  mean  temperal 
at  the  head  of  the  column,  hence  the  column  headed  0°  < 
tains  a  mean  of  all  the  pressures  at  Alessandria  between 
mean  temperatures  of  — 1*5°  C.  and  +1*5°  C,  distributed  al 
the  column  according  to  the  pressure  at  Valdobbia,  as  indicj 
on  the  left,  the  original  table  runs  to  single  millimeters, 
will  now  be  seen  that  we  have  the  mean  temperature  betw 
the  two  stations  and  the  mean  pressure  at  the  upper  and  lo 
stations  for  a  range  of  27°  C.  of  temperature  and  20ram 
pressure,  from  which  we  may  compute,  by  Laplace,  the  dif 
ence  of  elevation  of  the  two  stations,  as  in  Table  II. 

Tablk  II. — (In  meters). 
Elevation  of  Valdobbia  above  Alessandria. 


-6  C. 

-8^ 

0^. 

2396 
2376 
2390 

»\ 

6\ 

1 

r. 

12°. 

15^ 

1M\ 

2r. 

651 

1 
2380  2374 

2376i  2376 

2386 
2390 
2387 

662 

2396 
2411 

653 

2371 

2376 

664 

2379'  2374 

2381 
2370 

2388 
2382 

2301 
2307 

666 

2386 

2378 

2406 

55G 

2402  2375 

2378 

2381!  2388!  2407  



667 

2368  2376 

2374i  2306 

2300 1  2411 

2302 



668 

2302  2370 
2360  2366 

2383 
2373 

2379  2306  2306 

669 

2370  2370  2386 

2306: 2305 

660 

2366  2369 

2377 

2383J  2388  2306  2300  2411 

2410 

661 

2361  2364 

2373 

23771  2386!  2305  2307  2407 

2437 



662 

2342  2370 

2376 

23761  2382  2308  2303  2406 



663 

2361  2355 

2374  2374!  2387 

2303;  2400  2403 

2410 

6(14 

2347 

2360 

2368  2365i  2386;  2388  2306!  2400 

2414 

666 

2343|  2356 

2374 

2376  2373;  2300  2303  2390 

2417 



666 

2340  2346 

2350 

2360 

2360,  23841  23041  2307 

2400 



667 

2340  2363 

2367 

2370:  2378 

2383  2388  2402 

2408 

2421 

668 

2331  2362 

2357 

2371 

2367,  2383'  2380  2307 

2407 

2416 

560 

2320:  2342 

2364 

2366 

2366  2376  2380  2303 

2402 

2414 

570  2331.2316 

2361 

2358 

2369,  2368;  2386i  2391  2399 

2412 

From  this  table  it  is  evident  that  tliere  is  a  great  uniform 
in  the  variation  of  the  elevation  as  computed  from   Lapli 
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'he  computed  result  is  the  smallest  for  a  low  temperature  and 
igh  pressure,  and  largest  for  a  high  temperature  and  low  pres- 
ire.     Can  these  variations  be  accounted  for? 

All  who  have  discussed  this  subject  are  agreed  that  some 
lodification  of  the  formula  is  necessary.  R  S.  Williamson  has 
written  a  treatise  upon  this  matter  in  which  he  explains  certain 
banges  which  he  has  made  in  the  temperature  and  pressure 
Brms  of  the  formula,  but  these  did  not  give  satisfactory  results, 
nd  he  concludes  that  owing  to  variations  of  climate  at  diflfer- 
nt  places,  no  general  formula  can  be  obtained  for  all  cases. 
The  latest  researches  on  this  subject  in  the  United  States,  so 
ar  as  known,  have  been  made  by  Professor  J.  D.  Whitney,  of 
larvard  College,  who  published  a  very  important  addition  to 
barometric  hypsometry  in  1874.  Prof.  Whitney  confines  his 
researches  to  the  region  lying  west  of  the  Rocky  Mountains. 
Dn  page  9  of  his  **  Barometric  Hypsometry  "  we  find,  "  From 
the  observed  hightsof  the  columns  of  mercury  in  two  barome- 
ters at  different  altitudes,  but  not  separated  by  any  great  dis- 
tance horizontally,  we  have  at  once  the  weights  of  a  column 
of  air  reaching  from  the  lower  instrument  to  the  outer  limit 
of  the  atmosphere  and  oFthat  portion  of  the  air-column  which 
rises  above  the  upper  instrument.  The  weight  of  the  column 
of  air  between  the  two  instruments  is  therefore  known,  and  it 
would  seem  at  first  sight  as  if  trustworthy  results,  or,  at  least, 
a  very  close  approximation  to  the  truth  might  be  obtained.  La- 
place was  the  first  to  propose  a  complete  formula."  On  page  13 
we  find,  '*  Laplace's  original  formula  comprised  four  terms, 
which  may  be  designated  as  the  pressure  term,  including,  as  is 
usual,  the  principal  numerical  coefficient;  the  temperature  term  ; 
the  correction  for  latitude;  and  the  correction  for  the  change  in 
the  hight  of  the  mercury  column  in  the  barometer,  caused  by 
the  variation  in  the  intensity  of  gravity  with  increase  of  altitude." 
After  an  extended  discussion  entirely  upon  a  theoretical  basis, 
Prof.  Whitney  concludes,  **  The  pressure  term,  at  least,  is  to  be 
considered  essentially  unalterable."  He  considers  that  all  the 
variations  may  be  due  to  the  temperature  term,  and  has  pre- 
pared a  set  of  tables  for  correcting  altitudes,  in  the  western 
portion  of  the  United  States,  as  computed  from  Laplace. 

Let  us  examine  these  points:  if  the  only  motions  of  the 
atmosphere  were  in  a  vertical  direction  and  due  essentially  to 
the  temperature,  the  solution  of  the  problem  would  appear  not 
difficult 

At  first  sight  it  seems  as  though  the  temperature  term  would 

be  the  easiest  determined  and  the  one  least  liable  to  change,  for 

the  reason  that  the  temperature  is  almost  entirely  affected  by 

only  one  great  invariable  cause.     Thus  we  find  the  same  mean 

temperature  in  April  and  October  of  each  year,  the  lowest  in 
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January  and  the  highest  in  July.  If  the  temperature  term 
only  were  at  fault,  we  should  expect  to  find  a  regularity  in  the 
variation  of  the  difference  of  elevation  as.  computed  from  the 
mean  of  each  of  the  months,  also  the  same  variation  at  ail  places; 
that  is,  if  we  should  find  the  highest  result  in  July  and  the 
lowest  in  January  in  any  one  place,  any  theory  which  could  be 
applied  to  the  variation  of  the  temperature  at  different  alti- 
tudes must  necessarily  give  in  general  the  same  results  at  all 
isolated  peaks  throughout  the  world;  but  neither  of  these 
suppositions  is  according  to  fact,  as  has  been  shown  in  the 
May  number,  page  363,  where  we  see  that  the  highest  value 
of  the  elevation  of  Mt.  Washington,  above  Portland,  as  com- 
puted from  Laplace,  was  in  March,  and  the  lowest  in  August, 
whereas  in  the  elevation  of  Pike's  Peak  above  Dodge  City,  the 
highest  value  was  in  July  and  the  lowest  in  December. 

We  may  then  consider  that  the  temperature  term  will  remain 
nearly  constant  so  far  as  it  is  affected  by  the  heat  of  the  sun ; 
this  hypothesis  will  be  strongly  supported  by  a  practical 
demonstration  in  the  course  of  this  discussion. 

On  the  other  hand,  the  pressure  term  is  affected  by  a  great 
variety  of  causes.  In  summer  there  is  an  upward  motion 
of  the  atmosphere,  the  ocean  relatively  to  the  land  is  cool  and 
the  air  moves  toward  the  region  that  is  coolest,  while  in  winter 
exactly  the  reverse  takes  place.  This  may  explain  the  facts 
just  mentioned.  Mt  Washington,  near  the  coast,  is  very  little 
affected  by  this  motion,  and  the  results  differ  but  little  in 
January  and  July. 

There  seems  to  be,  also,  a  constant  motion  of  the  atmosphere 
toward  the  east,  slower  in  summer  than  in  winter.  It  has 
also  been  found  in  a  large  number  of  cases  that  the  difference 
of  elevation  as  computed  from  the  mean  of  the  March  and 
April  observations,  is  frequently  greater  than  that  from  other 
months.  This  may  be  due  to  a  general  diminution  of  the 
pressure  at  the  lower  station,  which  does  not  seem  to  extend  to 
an  elevation  of  6,000' ;  such  a  diminution  has  been  found  at 
over  500  stations  in  the  middle  latitudes,  but  only  at  the  lower 
stations.  It  would  certainly  seem,  then,  that  the  pressure  term 
is  more  liable  to  change  than  the  temperature  term. 

In  order  to  separate  the  various  elements  which  enter  into 
the  formula  of  Laplace,  the  following  method  is  proposed: 
If  tables  be  constructed  from  Laplace  according  to  the  plan 
of  the  table  on  page  370,  this  Journal,  last  number,  for  each 
thousand  feet  of  elevation,  it  will  be  possible  to  obtain  the  laws 
of  variation  of  the  reductions  to  sea-level  and  represent  them 
by  a  formula  which  shall  dispense  with  logarithms  and  sepa- 
rate the  various  terms. 

The  following  formuhi*  are  founded  on  such  a  plan: 
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For  1000' :  C  =  l'-1675  -  O'.OSSO  {^O'^p)  -  0''-00246  {t  -  32°) 

+  0'-0000066  (e-32°)  (e-52^) 

For  2000'  :C  =  2'-3803  -0''-0794  (30'  — jo)  — 0'-00490  (^—32°) 

+  O'-OOOOISO  («— 32°)  (e— 52°) 

For  3000':C  =  3'-6401-.0''-l214  (30' -/?)—0' -00735  (^-32°) 

+  O'O00O195  (e-32°)  (^-52°) 

The  temperature  term  might  have  been  much  simplified,  but 
lis  harmonizes  best  with  later  work.  These  formulae  were 
mstructed  up  to  an  elevation  of  8,000',  and  from  a  combina- 
on  of  the  eight  the  following  general  formula  was  obtained : 

C  =  -0000000000003^' 

-f  r'-00000002l702-.0'-0000000008(30'  -;>)]A' 

+  [O'-OOl  1 45482  -  0'-000038l  (30'  —  ») 

-0' -00000245(^-32°)  +  O' '0000000065  (^-32^)  (^-52°)]A 

1  which  C  =  reduction  to  sea,  h  is  hight  of  station  in  feet,  p 
I  pressure  at  station,  and  t  the  mean  temperature  at  the  time 
f  observation,  between  station  and  sea. 
If,  now,  we  assume  a  pressure  of  30''  and  consider  the  total 
light  above  such  a  pressure,  as  proposed  by  Prof.  Angot,  of 
*aris,  we  may  put  30"—;)  for  C  in  the  above  formula,  and 
olving  for  h  obtain  the  following  expression,  which  is  general 
yc  any  altitude : 

^  ^  V4ftX(30'-j,)-+^'~«  _  o'.O0O0O00O03A'  (1). 

a  which        a  =  O'-OOl  145482  —  0'-00000245  {t  —32°) 

-fO' -0000000065  (^-32°)  (^-52°)-0'-0000381  (30'^jt>) 
.nd  h  =  0' -000000021702  — 0'-0000000008  (30'— />). 

In  constructing  the  formula  a  slight  change  from  a  rigid 
'due  of  Laplace  has  been  made  for  a  known  variation  at  Mt. 
J^Tashington.  In  applying  the  formula  an  approximate  eleva- 
ion  is  computed  from  the  first  term  and  a  correction  applied 
otbis  from  the  second  term.  Tables  have  been  constructed 
or  elevations  from  —200'  to  9,000'  by  means  of  this  formula. 

The  hight  of  Mt  Washington  above  Portland  by  various 
'ormulse  is  given  in  Table  III. 

The  results  in  column  4  vary  the  most,  and  show,  as  has 
ilready  been  suggested,  that  no  general  formula  can  be  deter- 
nined  for  all  stations.  The  results  in  column  6  show  the  ease 
fith  which  the  original  formula  of  Laplace  may  be  modified 
Sor  different  places,  also  the  accuracy  of  this  general  method 
)f  procedure.  May  it  not  be  possible  to  determine  a  general 
iormula  from  the  actual  observations  in  different  places,  which 
ihall  require  but  a  slight  and  readily-determined  change  to 
nake  it  applicable  to  any  locality  ? 
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Table  III. — Mt.  Washingfton  above  Portland,  true  difference  6240'. 


Laplace. 

DlfTerence 
from  mean. 

Anirot. 

Difference 
IVom  mean. 

Haxen  (1). 

EHITereiKc 
from  DteaiL 

January 

6264' 

+  16' 

6329' 

+  80' 

6246' 

+   2' 

February 

6268 

+  20 

6299 

+  50 

6242 

-   1 

March 

6284 

+  36 

6306 

+  57 

6266 

+  22 

April 

6242 

-   6 

6244 

-  5 

6244 

+    1 

May 

6232 

-16 

B201 

-48 

6234 

-  9 

June 

6233 

-15 

6201 

-48 

6236 

-  7 

July 

6225 

-23 

6158 

-91 

6233 

-10 

Aug^ist 

6215 

—  33 

6198 

-61 

6225 

-18 

Septeml)er 

6236 

-12 

6217 

-32 

6230 

-13 

October 

6249 

+    ] 

6253 

+   4 

6246 

+  3 

November 

6275 

+  27 

6286 

+  37 

6271 

+  28 

December 

6259 

+  11 

6296 

+  47 

6246 

-1-  3 

Year 

6256 

6267 

6241 

lean  12  mo'i 

6248 

6249 

i      6243 

The  following  suggestion  is  made  in  the  absence  of  anr 
other:  Let  all  the  observations  for  a  series  of  years,  at  an 
elevated  and  at  a  lower  neighboring  station,  be  grouped  as  has 
already  been  proposed,  then  determine  a  formula  which  .shall 
best  represent  all  the  observations,  or,  in  other  words,  the  laws 

Table  IV. 

Law  of  variation  of  the  temperature  term  at  different  pressurefl.  and  of  the  pressure 
term  at  different  temperatures,  at  Valdobbia  and  Great  Saint  Bernard. 


TemperBture  term  variation  for 
each  dcKree  CfntlKnide. 

1      PreMore  t^rra  varlalloii  for 
each  millimeter. 

PreRBure. 

"                   ~    1 

TcniporRt'c. 

1 

Viil.and  AI. 
0.733mm 

Her.  and  AI. 

Val.  and  AI. 

Rer.  u)d  M 

1 

551  mm 

g''mm 

1 

O-lgmm 

•31  mm 

552 
553 
554 
555 

•610 
•500 
•633 
•467 

0.55mm 

-    3 
0 
3 
6 

♦15 
•20 
•23 
•23 

•13 
•22 
•24 
•17 

556 
557 
558 
559 
560 
561 

•767 
•547 
•613 
•640 
•51)0 
•570 

•63 

•48 
•62 
•58 
•76 
•65 

9 
12 
15 
18 
21 

♦25 
•22 
•10 
•12 
•00 

•.?o 

•26 
•16 
•17 
•0(1 

562 

•640 

•58 

563 

•650 

•57 

564        i 

•570 

•58 

565 

•543 

•66 

566        1 

•603 

•55 

567        1 

•547 

•58 

568 

•580 

•54 

569 

•503 

•60 

570 

•560 

•65 

571 

•590 

•59 

572 

•610 

w  •  —  — . 

573 

•567 

... 

Mean 

•593 

"5l)8 
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xriation,  at  any  station,  of  pressures  and  temperatures  at 
rent  temperatures  and  pressures. 

would  seem  that  if  there  be  taken  a  sufficient  number 
ations,  near  enough  together,  at  different  elevations,  the 
e  result  might  be  attained. 

lere  are  very  great  difficulties  in  obtaining  satisfactory 
ts  at  present,  owing  to  the  great  distance  between  stations 
the  lack  of  reliable  elevations.  In  Table  IV  we  find,  in 
;ase  of  reduction  from  a  higher  to  a  lower  station,  the  law 
e  variation  of  the  temperature  term  at  diflferent  pressures 
the  law  of  the  pressure  term  at  different  temperatures,  as 
•mined  from  a  comparison  of  all  the  mean  daily  observa- 

at  Valdobbia  and  Alessandria  during  3^  years ;  compari- 
are  also  given  for  the  same  time  between  Great  St.  Ber- 

and  Alessandria. 

lere  is  a  remarkable  uniformity  in  the  temperature  term 
ition  at  all  pressures   at  both  stations,  but  the   pressure 

variation  is  subject  to  breaks  and  rather  regularly  dimin- 
5  as  the  temperature  increases. 

tie  following  formulae  have  been  constructed  from  the 
al  observations  at  several  elevations  in  Italv  and  Switzer- 

to 

reat  Saint  Bernard  and  Geneva :  C  =  9'-68-  0''-22  (SO'-p) 

-O'^-Ol  4(^-32°) 

Monte  Gave  and  Rome :  C  =  3'-66  -  0''-10(30'  -/>) 

-(/•0052(i-32°) 

Mondovi  and  Alessandria  :Cz=2''-10—0''-06(30''-jo) 

—  0''-0027  (^—32°) 

from  these  the  general  formula, 

C  z=  0'-0000000117A' +  0' -001 1068A- 0' -000029(30" -jp)A 
—O'-OOOOOie  {t—S2°)h  +  0'-0214 


A,  in  feet,  ^^-^M30--/>--0j^0214)+a-^a 


(2) 


lis  a  =  O'-OOl  1068  —  0''-000029  (30''  —  /?)  —  0'-0000016  {t  —  32**) 

ftrzO'-OOOOOOOllT. 

able  V  gives  difference  of  elevation  by  various  formulse. 
he  results  by  Angot  are  better  than  by  Laplace.  It  will  be 
ced  that  the  sixth  column  has  been  computed  from  a 
lula  into  which  the  original  observations  at  Valdobbia 
3  not  entered  and  in  so  far  goes  to  show  the  reliability  of 
method.     The  formula  applies  best  to  elevations  of  about 


460     //.  A,  Hazeii — Reduction  of  Air-pressure  to  Sea-level, 


Table  V. — Valdobbia  above  Ale«»8andria. 


Month. 

Laplace. 

Difference 
from  mean. 

ADKOt. 

Difference 
trovk  mean. 

Hazeo  (2). 

Diflereace 
from  mean. 

January 

7699' 

-98' 

7904' 

+  51' 

7863' 

-  6' 

February 

7796 

-    1 

7904 

+  51 

7916 

+47 

March 

7823 

+  26 

7904 

+  51 

7911 

+42 

April 

7811 

+  14 

7836 

-18 

7887 

+  18 

May 

7848 

+  51 

7851 

-2 

7887 

+  18 

June 

7823 

+  26 

7792 

-61 

7844 

-25 

July 

7842 

+  45 

7818 

-36 

7854 

-15 

August 

7848 

+  61 

7822 

-31 

7860 

-  9 

September 

7827 

+  30 

7861 

+   8 

7860 

-  9 

October 

7801 

+   4 

7854 

+    1 

7847 

-22 

November 

7735 

-62 

7828 

-26 

7830 

-39 

December 

7709 

-88 

7868 

+    5 

7862 

-  7 

Year 

7808 

7861 

7862 

Mean  of  months 

7797 

i      7853 

7869 

The  following  formulse  are  added  : 

Mount  Washington  and  Portland  C  =  6''-82-0'-12  (30*-/)) 

-.0'-012  (^-32**) 

Professor  Whitney  has  made  nearly  three  years'  observations 
at  Sacramento  and  Summit,  California,  stations  77  miles  apart 
with  a  difference  of  altitude  of  6989'.  The  formula  at  these 
stations  is  C  =  o''-24  +  0''-25  (30"-  p)  -  O^'OIO  (r-32°),  the 
reversal  of  the  sign  in  the  pressure  term  from  minus  to  plas 
has  been  already  noticed  in  the  May  number,  page  366. 

It  has  been  shown,  then, 

1st.  The  formula  of  Laplace  gives  too  small  results  at  high 
pressures  and  low  temperatures  and  too  great  at  low  pressures 
and  high  temperatures. 

2d.  The  pressure  term  is  more  liable  to  variation  than  the 
temperature  term. 

8(1.  It  is  possible  to  so  arrange  the  formula  of  Laplace  as  to 
separate  the  terms,  and  dispense  with  the  use  of  logarithms. 

4th.  It  is  possible  to  construct  a  formula  from  the  actual 
observations  which  shall  give  satisfactory  results. 

The  following  paragraphs  have  been  taken  from  an  article  in 
"Nature"  for  April  1 4th,  1881  (just  received),  on  Periodic  0ml- 
lafions  of  Barorutiric  Pnu^sure^  by  J.  Allan  Broun,  F.RS., 
(now  deceased).  They  are  of  interest  as  confirming  some  of  the 
views  advanced  in  the  above  paper. 

Sedgwick  ha.s  said:  ['*To  explain  dilficiilties  in  these  questions*'  (relating  to 
])r(>ssure  and  temperature)  "  the  atmospheric  strata  lutve  been  shulHed  in  accord- 
ance with  hiboratory  oxperiiuents."] 

"  If  we  .<«iippf>se  that  the  attraction  of  gravity  is  not  the  only  attraction  which 
afTccts  tlie  prcssuie  of  the  atmo.si)ljere,  ])ut  that  this  pressure  varies  through  pom 
otiior  attracting  force  such  as  an  electric  attraction  of  the  sun  depending  upon  the 
varying  humidity  of  tlic  air  and  this  again  depending  on  its  t<»mpemture;  we 
sliould  lind  anotlier  nictliod  of  relating  tlie  two  variations  which  does  not  exist  if 
gravitition  alone  is  employed.  It  is  «piite  cerUiin  tluit  many  pliysicists  will  not 
admit  the  idea  of  an  electric  attraciion  on  our  atmosphere  in  the  present  state  of 
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»iir  knowledge,  hence  fche  efforts  to  make  expansion,  and  a  BhufUing  of  the  atnios- 
)heric  strata  suffice.  We  must  not,  however,  in  our  ignorance,  attempt  to  force 
x>DcluRion8  in  opposition  to  facts,  and  if  those  can  be  patisfied  more  easily  and 
Krith  greater  probabiUtes  in  its  favor  by  the  aid  of  the  hypothesis  of  an  electric 
ittraction  of  the  sun,  that  hypothesis  will  have  a  better  claim  to  acceptation  than 
;he  other.  I  shall  here  note  a  few  facts  which  cannot  be  explained  by  thermic 
ictions. 

1.  I  have  shown  that  on  the  average  of  many  years'  observation  in  our  latitudes 
»he  mean  pressure  diminishes  at  the  rate  of  0''*038  of  mercury  for  every  one  hun- 
Ired  miles  we  proceed  toward  the  north.  This  has  been  called  a  gradient  from 
llie  similar  term  used  in  railway  slopes :  but  it  is  no  slope,  it  is  a  level  of  a 
surface  of  equilibrium  like  that  of  the  sea.  It  is  the  mean  bights  of  the  barometer 
at  the  sea-level  which  indicate  the  form,  if  we  may  so  say,  of  the  equilibrating 
atmosphere. 

2.  In  India  we  have  seen  that  the  atmospheric  pressure  oscillates  at  each  station 
even  when  these  are  quite  near  to  each  other,  independently  of  the  known  laws 
of  equilibrium  of  gases.  When  we  turn  to  the  semi-diurnal  oscillation  of  the 
barometer  wo  are  only  amused  at  the  attempts  made  to  explain  it  by  shuffling  the 
atmospheric  strata.  Nothing  can  be  more  certain  than  that  the  theories  of 
expansion,  or  resistance  to  expansion  and  overflow,  are  the  vain  efforts  to  make 
the  laws  of  nature  agree  with  a  theory.  Over  the  gpreat  ocean  within  the  tropics, 
where  the  diurnal  variations  of  temperature  are  small  and  the  air  is  absolutely 
without  perceptible  currents  for  days  together,  the  barometer  rises  and  falls  a 
tenth  of  an  inch  twice  in  twenty-four  hours  with  the  regularity  of  the  solar  clock. 
The  action  of  the  sun  on  the  whole  atmosphere  which  produces  this  movement 
varies  chiefly  during  the  day  hours  at  inland  stations  with  the  temperature 
OBcillation,  so  that,  as  in  the  case  of  the  annual  variation,  the  fall  of  the  barometer 
at  4  P.K.  is  greater  in  the  same  latitude  as  the  temperature  is  higher.  This 
variation  occurs  during  the  most  complete  calms;  the  smoke  rises  vertically  from 
the  plains  of  Tinnevelly;  no  current  is  visible  in  the  motion  of  the  clouds;  yet 
the  barometer  falls  at  four  in  the  morning  as  it  did  at  four  in  the  afternoon,  only 
it  falls  less." 


Art.  LVIL — Occurrence  of  a  nodule  of  Chromite  in  Uie  interior 
of  compact  Meteo7'ic  Iron  from  Cohahuila ;  by  J.  Lawrence 
Smith,  Louisville,  Ky. 

The  masses  of  iron  from  Cohahuila  that  I  have  designated 
the  Butcher  Meteorites,*  to  distinguish  them  from  other  me- 
teorites of  the  same  locality,  have  already  afforded  me  several 
most  interesting  and  novel  results ;  among  them,  concretions  of 
aragonite  on  the  exterior  (doubtless  formed  after  their  fall  from 
surrounding  conditions),  and,  more  particularly,  the  new  and 
interesting  mineral,  dauDreelite,f  concreted  in  the  interior  of  the 
troilite  nodules  that  exist  in  this  iron.  A  great  number  of  sec- 
tions have  been  cut  and  daubreelite  is  always  found  with  its 
well  defined  characteristics. 

Recently  I  have  had  made  two  additional  large  sections. 
They  have  furnished,  however,  but  few  nodules.  One  of  these 
was  a  well-defined,  symmetrically  oval  nodule,  17  mm.  by  12 
mm.,  its  diameters  situated  6  centimeters  from  the  exterior  sur- 
face, compact  solid  iron  intervening  between  the  surface  and 
the  nodule. 

♦  This  Journal,  ii,  Nov.,  1871.  f  lb.,  xvi,  Oct,  1875. 
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I  was  at  once  struck  with  its  being  diflFerent  from  any  nodale 
I  had  yet  observed  in  meteoric  iron.  There  was  no  troilite  m 
it;  and  although  black  it  was  not  graphite ;  so  that  I  supposed 
it  might  consist  entirely  of  daubreelite.  But-  its  luster  was  more 
vitreous  than  in  this  last  mineral.  On  examining  carefully 
with  a  lens,  I  found  in  the  black  material  ^  few  particles  of  a 
translucent  mineral,  some  particles  of  whichtwere  almost  color- 
less, and  one  or  two  of  a  greenish  hue  (doubtless  magnesian  sil- 
icate) ;  and,  besides,  there  were  a  few  specks  of  iron  only  trace- 
able by  the  magnet. 

The  nodule  was  virtually  a  black  granular  mass.     As  stated, 
it  was  first  taken  for  daubreelite.     The  smallest  particle  rub- 
bed fine  and  fused  with  borax  gave  the  intense  green  of  chrome; 
but,  to  my  surprise,  when  the  powder  was  heated  in  nitric  acid 
over  a  water  bath,  not  the  sligntest  impression  was  made  upon 
it,  showing  that  it  was  not  daubreelite,  which  is  soluble  in 
nitric  acid  leaving  a  dark  green  residue.     Heating  it  in  fused 
carbonate  of  soda  in  no  way  changed  its  insolubility  in  acids. 
These  reactions  convinced  me  that  I  had  chromite ;  and  on 
fusing  150  milligrams  of  the  finely  pulverized  mineral  with  ten 
times  its   weight  of  bisulphate  of  soda,   it  was  thoroughlj 
attacked  but  not  dissolved.    On  treating  with  water,  and  fusing 
the  residue  with  carbonate  of  soda  and  niter,  and  proceeding 
with  the  analysis  as  is  usual  in  the  case  of  chromite,  there  was 
obtained, 

Chromic  oxide 62*71 — <9r 

Ferrous  oxide 33*83— :^e 

the  iron  oxide  being  in  the  solution  from  the  fused  mass,  after 
treatment  with  bisulphate  of  soda.  The  composition  thus  found 
is  that  of  chromite.  Traces  of  magnesia,  cobalt  and  silica  were 
detected;  the  magnesia  and  silica  doubtless  came  from  the  sili- 
ceous mineral  already  referred  to,  which  is  either  enstatite  or 
olivine. 

The  result  of  these  observations,  then,  is  to  establish  the  ex- 
istence of  a  new  mineral  concretion  in  the  interior  of  meteoric 
iron  ;  for  while  chromite  has  been  known  to  be  associated  with 
meteorites,  this  is  the  first  instance  of  its  having  been  found 
embedded  in  this  manner  in  the  interior  of  meteoric  iron.  The 
fact  thus  increases  the  interest  of  the  Butcher  meteorites,  which 
have  furnished  such  beautiful  and  distinguishing  concretions 
of  two  chrome  minerals. 

I  should  state  that  some  of  the  particles  of  chromite,  under 
the  microscope  and  with  very  intense  light,  are  feebly  translu- 
cent and  have  a  dark  reddish  purple  color.  This  translucency 
of  chromite  has  been  observed  by  the  assistant  of  the  Professor 
of  Geology  in  the  College  of  France.  The  name  of  this  assist- 
ant I  do  not  now  recollect  and  I  cannot  now  place  my  hands 
on  the  results  of  his  researches  in  this  direction. 
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RT.    LYIIL — Upon    the    Pfoduclion    of  Sound   by    Radiant 
Energy;  by  Alexander  Graham  Bell. 

[Read  before  the  National  Academy  of  Sciences,  April  21,  1881.] 

In  a  paper  read  before  the  American  Association  for  the 
dvancement  of  Science,  last  August,  I  described  certain  ex- 
)riments  made  by  Mr.  Sumner  Tainter  and  myself  which  had 
suited  in  the  construction  of  a  *'*' Phutophoue,^'  or  apparatus 
r  the  production  of  sound  by  light  ;*  and  it  will  be  my  ob- 
ct  to-day  to  describe  the  progress  we  have  made  in  the  inves- 
^tion  of  photophonic  phenomena  since  the  date  of  this  com- 
nnication. 

In  my  Boston  paper  the  discovery  was  announced  that  thin 
sks  of  very  many  diflferent  substances  emitted  sounds  when 
cposed  to  the  action  of  a  rapidly-interrupted  beam  of  sunlight. 
he  great  variety  of  material  used  in  these  experiments  led  me 
►  believe  that  sonorousness  under  such  circumstances  would 
3  found  to  be  a  general  property  of  all  matter. 

At  that  time  we  had  failed  to  obtain  audible  effects  from 
lasses  of  the  various  substances  which  became  sonorous  in  the 
>ndition  of  thin  diaphragms,  but  this  failure  was  explained 
pon  the  supposition  that  the  molecular  disturbance  produced 
y  the  light  was  chiefly  a  surface  action,  and  that  under  the 
ircumstances  of  the  experiments  the  vibration  had  to  be  trans- 
nitted  through  the  mass  of  the  substance  in  order  to  affect  the 
jar.  It  was  therefore  supposed  that,  if  we  could  lead  to  the  ear 
iir  that  was  directly  in  contact  with  the  illuminated  surface, 
ouder  sounds  might  be  obtained,  and  solid  masses  be  found  to 
be  as  sonorous  as  thin  diaphragms.  The  first  experiments  made 
10  verify  this  hypothesis  pointed  towards  success.  A  beam  of 
sunlight  w^  focussed  into  one  end  of  an  open  tube,  the  ear 
being  placed  at  the  other  end.  Upon  interrupting  the  beam,  a 
clear,  musical  tone  was  heard,  the  pitch  of  which  depended  upon 
the  frequency  of  the  interruption  of  the  light  and  the  loudness 
upon  the  material  composing  the  tube. 

At  this  stage  our  experiments  were  interrupted,  as  circum- 
stances called  me  to  Europe. 

While  in  Paris  a  new  form  of  the  experiment  occurred  to 
my  mind,  which  would  not  only  enable  us  to  investigate  the 
Jounds  produced  by  masses,  but  would  also  permit  us  to  test 
ihe  more  general  proposition  that  sojioronsnessj  under  t}ie  injlu' 
nee  of  intermittent  light,  is  a  property  common  to  all  matter. 

♦Proceedings  of  American  Association  for  tbe  Advancoment  of  Science,  Aug. 
7lh,  1880;  see,  also,  this  Journal,  vol.  xx,  p.  305;  Journal  of  the  American 
Hectrical  Society,  vol,  iii,  p.  3  ;  Journal  of  the  Society  of  Telegraph  Engineers 
Qd  Electricians,  vol.  ix,  p.  404 ;    Annales  de  Chimie  et  de  Physique,  vol.  xxi. 
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The  substance  to  be  tested  was  to  be  placed  in  the  interior 
of  a  transparent  vessel,  made  of  some  material  which  (like  glass) 
is  transparent  to  light,  but  practically  opaque  to  sound. 

Under  such  circumstances  the  light  could  get  in,  but  the 
sound  produced  by  the  vibration  of  the  substance  could  not  gel 
out  The  audible  effects  could  be  studied  by  placing  the  ear 
in  communication  with  the  interior  of  the  vessel  by  means  of  a 
hearing  tube. 

Some  preliminary  experiments  were  made  in  Paris  to  test 
this  idea,  and  the  results  were  so  promising  that  they  were  com- 
municated to  the  French  Academy  on  the  11th  of  October,  1880, 
in  a  note  read  for  me  by  M.  Antoine  Breguct*     Shortly  after- 
wards 1  wrote  to  Mr.  Taintcr,  suggesting  that  he  should  carry 
on  the  investigation  in  America,  as  circumstances  prevents 
me  from  doing  so  myself  in  Europe.     As  these  experimeuts 
seem  to  have  formed  the  common  starting  point  for  a  series  of 
independent  researches  of  the  most  important  character,  car- 
ried on  simultaneously,  in  America  by  Mr.  Tainter,  and  in 
Europe  by  M.  Mercadier,f  Prof.  Tyndall4  W.  E.  RcmigeD,§ 
and   VV.  il.  Preece,!  I  may  be  permitted  to  quote  from  my 
letter  to  Mr.  Tainter  the  passage  describing  the  experiments 
referred  to: 

"  Metropolitan  Hotel,  Rue  Cambon,  Paris, 

November  2,  1880. 
"Deau  Mr.  Taixter: 

*  *  *  "I  have  devised  a  method  of  producing  sounds  by 
the  action  of  an  intermittent  beam  of  light  from  substances  that 
cannot  be  obtained  in  the  shape  of  thin  diaphragms  or  in  the  tub- 
ular form  ;  indeed,  the  method  is  specially  adapted  to  testing  the 
generality  of  the  phenomenon  we  have  discovered,  as  it  can  be 
adapted  to  solids,  liquids,  and  gases. 

"  Place  the  substance  to  be  experimented  with  in  a  glass  test- 
tube,  connect  a  rubber  tube  with  the  mouth  of  the  test-tube,  plac- 
ing the  other  end  of  the  pipe  to  the  ear.  Then  focus  the  inter- 
mittent beam  upon  the  substance  in  the  tube.  I  have  tric«l  a 
lartje  number  of  substances  in  this  way  with  great  success, 
altliough  it  is  extremely  difficult  to  get  a  glimpse  of  the  sun  here, 
and  when  it  does  shine  the  intensity  of  the  light  is  not  to  be  com- 
pared with  that  to  be  obtained  in  Washington.  I  got  splendid 
effects  from  crystals  of  bichromate  of  potash,  crystals  of  sulphate 

♦  Comptos  Roiidus,  vol.  xcl,  p.  50'). 
f  ••  Notes  on  Rjulioplumy."  (■oinpt«s  Rondiis,  Deo.  0  and  l."{,  1880;  Feb.  21  and 

28,  ISSl.     Si.»e,  also.  Journal  de  riiysique,  vol.  x,  p.  53. 

J  ••  Action  of  an  Inlennittent  Beam  of  Radiant  Heat  npon  (iaj^ous  Mutter." 
Vrni\  Royal  Society,  Jan.  i;^  IsSI.  vol.  xxxi.  p.  307. 

j5  "On  tlie  tones  whioh  arise  from  the  intermittent  illunfination  of  a  pas."  See 
Atinalen  der  Thys.  und  Chemie,  Jan..  1881,  no.  1,  p.  155. 

(•'On  the  c'on  version  of  Radiant  Kriergy  into  Sonorous  Vibrations."  Proc. 
Royal  Society,  March  10,  1881,  vol.  xxxi,  p.  50G. 
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•per,  and  from  tobacco  smoke,  A  whole  cigar  placed  in  the 
ibe  produced  a  very  loud  sound.  I  could  not  hear  anything 
plain  water,  but  when  the  water  was  discolored  with  ink  a 
sound  was  heard.  I  would  suggest  that  you  might  repeat 
experiments  and  extend  the  results,"  &c.,  <fcc. 

Experimeiits  with  Solids, 

on  my  return  to  Washington  in  the  early  part  of  January,* 
^ainter  communicated  to  me  the  results  of  the  experiments 
d  made  in  my  laboratory  during  my  absence  in  Europe, 
had  commenced  by  examining  the  sonorous  properties  of 
i  number  of  substances  enclosed  in  test-tubes  in  a  simple 
ical  search  for  loud  eflfects.  He  was  thus  led  gradually 
3  discovery  that  cotton-wool,  worsted,  silk,  and  fibrous 
ials  generally,  produced  much  louder  sounds  than  hard 
bodies  like  crystals,  or  diaphragms  such  as  we  had  hitherto 

order  to  study  the  effects  under  better  circumstances  he 
3ed  his  materials  in  a  conical  cavity  in  a  piece  of  brass 
1  by  a  flat  plate  of  glass.  A  brass  tube  leading  into  the 
i  served  for  connection  with  the  hearing-tube.  When 
jonical  cavity  was  stuffed  with  worsted  or  other  fibrous 
•ials  the  sounds  produced  were  much  louder  than  when 
-tube  was  employed.  This  form  of  receiver  is  shown  in 
j1. 


Flff.  1. 


.  Tainter  next  collected  silks  and  worsteds  of  different 
5,  and  speedily  found  that  the  darkest  shades  produced  the 
jffects.     Black  worsted  especially  gave  an  extremely  loud 

white  cotton-wool  had  proved  itself  equal,  if  not  superior, 
y  other  white  fibrous  material  before  tried,  he  was  anxious 
tain  colored  specimens  for  comparison.  Not  having  any 
nd,  however,  he  tried  the  effect  of  darkening  some  cotton - 
with  lamp-black.  Such  a  marked  reinforcement  of  the 
1  resulted  that  he  was  induced  to  try  lamp-black  alona 

*  On  the  7th  of  January. 
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About  a  teaspoonful  of  lamp-black  was  placed  in  a  test-tube 
and  exposed  to  an  intermittent  beam  of  sunlight  The  sound 
produced  was  much  louder  than  any  heard  before. 

Upon  smoking  a  piece  of  plate-glass,  and  holding  it  in  the 
intermittent  beam  with  the  lamp-black  surface  towards  the  sun, 
the  sound  produced  was  loud  enough  to  be  heard,  with  atten- 
tion, in  any  part  of  the  room.  With  the  lamp-black  surface 
turned  from  the  sun  the  sound  was  much  feebler. 

Mr.  Tainter  repeated  these  experiments  for  me  immediately 
upon  my  return  to  Washington,  so  that  I  might  verify  his 
results. 

Upon  smoking  the  interior  of  the  conical  cavity  shown  in 
figure  1,  and  then  exposing  it  to  the  intermittent  beam,  with 
the  glass  lid  in  position  as  shown,  the  effect  was  perfectly 
startling.  The  sound  was  so  loud  as  to  be  actually  painful  to 
an  ear  placed  closely  against  the  end  of  the  hearing-tube.  The 
sounds,  however,  were  sensibly  louder  when  we  placed  some 
smoked  wire  gauze  in  the  receiver,  as  illustrated  in  the 
drav/ing,  figure  1. 

When  the  beam  was  thrown  into  a  resonator,  the  interior  of 
which  had  been  smoked  over  a  lamp,  most  curious  alternations 
of  sound  and  silence  were*  observed.  The  interrupting  disk 
was  set  rotating  at  a  high  rate  of  speed,  and  was  then  allowed 
to  come  gradually  to  rest.  An  extremely  feeble  musical 
tone  was  at  first  heard,  which  fell  in  pitch  as  the  rate  of 
interruption  grew  less.  The  loudness  of  the  sound  produced 
varied  in  the  most  interesting  manner.  Minor  reinforcements 
were  constantly  occurring,  which  became  more  and  more 
marked  as  the  true  pitch  of  the  resonator  was  neared.  When 
at  last  the  frequency  of  interruption  corresponded  to  the 
frequency  of  the  fundaiiientiil  of  the  resonator,  the  sound 
was  .«o  loud  that  it  might  have  been  heard  by  an  audience  of 
hundreds  of  people. 

The  elVects  produced  by  lamp-black  seemed  to  me  to  be  very 
extraordinary,  especially  as  I  had  a  distinct  recollection  of  ex- 
})eriments  made  in  the  summer  of  1880  with  smoked  diaphragms, 
in  which  no  such  reinforcement  was  noticed. 

Upon  examining  the  records  of  our  past  photophonic  experi- 
ments we  found  in  vol.  vii,  p.  57,  the  following  note": 

'^  Ex})erinient  V. — Mica  diaphragm  covered  with  lamp-black  o:i 
Hide  ex])osed  to  light. 

'*  Result :  distinct  sound  about  same  as  without  lamp-black.— 
A.  (r.  B.,  J}ihj  IHfh,  1880. 

"  Verified  the  above,  but  tliink  it  somewliat  louder  than  when 
ust'd  without  lamp-black." — .S.  7!,  Jnif/  lS(h,  1880. 

Upon  repeating  this  old  experiment  we  arrived  «t  the  snnie 
result  as  that  noted.     Little  if  any  augmentation  of  sound  re- 
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suited  from  smoking  the  mica.  In  this  experiment  the  effect 
was  observed  by  placing  the  mica  diaphragm  against  the  ear  and 
also  by  listening  through  a  hearing-tube,  one  end  of  which  was 
closed  by  the  diaphragm.  The  sound  was  found  to  be  more 
audible  through  the  free  air  when  the  ear  was  placed  as  near 
lo  the  lamp-black  surface  as  it  could  be  brought  without 
shading  it  Thus  the  vibrations  produced  in  lamp-black  under 
the  above  circumstances  do  not  appear  to  be  communicated  to 
any  very  appreciable  extent  to  tne  diaphragm  on  which  the 
lamp-black  is  deposited. 

At  the  time  of  my  communication  to  the  American  Associa- 
tion I  had  been  unable  to  satisfy  myself  that  the  substances 
which  had  become  sonorous  under  the  direct  influence  of  inter- 
mittent sunlight  were  capable  of    reproducing  the  sounds  of 
articulate  speech  under  the  action  of  an  undulatory  beam  from 
our  photophonic  transmitter.     The    difficulty  in   ascertaining 
this  will  be  understood  by  considering  that  the  sounds  emitted 
by  thin  diaphragms  and  tubes  were  so  feeble  that  it  was  im- 
practicable to  produce  audible  effects  from  substances  in  these 
conditions    at    any  considerable    distance     from     the    trans- 
mitter; but  it  was  equally  impossible  to  judge  of  the  effects 
produced  by  our  articulate  transmitter  at  a  short  distance  away 
because  the  speaker's  voice  was  directly  audible  through  the 
air.     The  extremely  loud  sounds  produced  from    lamp-black 
have  enabled  us  to  demonstrate  the  feasibility  of  using  this 
substance  in  an  articulating  photophone  in  place  of  the  elec- 
trical receiver  formerly  employed. 

The  drawing  (fig.  2)  illustrates  the  mode  in  which  the  experi- 
ment was  conducted.  The  diaphragm  of  the  transmitter  (A) 
was  onlv  five  centimeters  in  diameter,  the  diameter  of  the  re- 
ceiver  (B)  was  also  five  centimeters,  and  the  distance  between 
the  two  was  40  meters,  or  800  times  the  diameter  of  the  trans- 
mitting diaphragm.  We  were  unable  to  experiment  at  greater 
distances  without  a  heliostat  on  account  of  the  difficulty  of 
keeping  the  light  steadily  directed  on  the  receiver.  Words 
and  sentences  spoken  into  the  transmitter  in  a  low  tone  of 
voice  were  audibly  reproduced  by  the  lamp-black  receiver. 

In  fig.  3  is  shown  a  mode  of  interrupting  a  beam  of  sunligJit 
for  producing  distant  effects  without  the  use  of  lenses.  Two 
similarly  perforated  disks  are  employed,  one  of  which  is  set  in 
rapid  rotation,  while  the  other  remains  stationary.  This  form 
of  interrupter  is  also  admirably  adapted  for  work  with  artificial 
light.  The  receiver  illustrated  in  the  drawing  consists  of  a 
parabolic  reflector,  in  the  focus  of  which  is  placed  a  glass  ves- 
sel (A)  containing  lamp-black  or  other  sensitive  substance,  and 
connected  with  a  hearing-tube.  Tlie  beam  of  light  is  inter- 
rupted by  its  passage  through  the  two  slotted  disks  shown  at  B, 
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and  in  operating  the  instrument  musical  signals  like  the  dots 
and  dashes  of  the  Morse  alphabet  are  produced  from  the  sensi- 
tive receiver  (A)  by  slight  motions  of  the  mirror  (C)  about  its 
axis  (D). 

In  place  of  the  parabolic  reflector  shown  in  the  figure  a  coni- 
cal reflector  like  that  recommended  by  Professor  Sylvanus 
Thompson*  can  be  used,  in  which  case  a  cylindrical  glass  ves- 
sel would  be  preferable  to  the  flask  (A)  shown  in  the  figure. 

In  regard  to  the  sensitive  materials  that  can  be  employed,^ 
our  experiments  indicate  that  in  the  case  of  solids  the  physical' 
condition  and  the  color  markedly  influence  the  intensity  of  the 
sonorous  effects.     The  loudest  sounds  are  produced  from  suistanct}< 
171  a  loose,  porous^  ^pf^^oy  condition^  and  frotn  Oiose  Vtat  have  the 
darkest  or  most  absorbent  colors. 

The  materials  from  which  the  best  effects  have  been  obtained 
are  cotton-wool,  worsted,  fibrous  materials  generally,  cork, 
sponge,  platinum  and  other  metals  in  a  spongy  condition,  and 
lampblack. 

The  loud  sounds  produced  from  such  substances  may  per- 
haps be  explained  in  the  following  manner:  Let  us  consider, 
for  example,  the  case  of  lamp-black — a  substance  which  be- 
comes heated  by  exposure  t(»  rays  of  all  refrangibility.  I  look 
upon  a  mass  of  this  substance  as  a  sort  of  sponge,  with  its  pores 
filled  with  air  instead  of  water.  When  a  beam  of  sunlight 
falls  upon  this  mass,  the  particles  of  lamp-black  are  heated,  and 
consequently  expand,  causing  a  contraction  of  the  air-spaces 
or  pores  among  them. 

Under  these  circumstances  a  pulse  of  air  should  be  expelled, 
just  as  we  would  squeeze  out  water  from  a  sponge. 

The  force  with  which  the  air  is  expelled  must  be  greatly  in- 
creased by  the  expansion  of  the  air  itself,  due  to  contact  with 
the  heated  particles  of  lamp-black.  When  the  light  is  cut  off' 
the  converse  process  takes  place.  The  lamp-black  particles 
cool  and  contract,  thus  enlarging  the  air  spaces  among  them, 
and  the  enclosed  air  also  becomes  cool.  Under  these  circum- 
stances a  partial  vacuum  should  be  formed  among  the  particles, 
and  the  outside  air  would  then  be  absorbed,  as  water  is  by  a 
sponge  when  the  pressure  of  the  hand  is  removed. 

I  imagine  that  in  some  such  manner  as  this  a  wave  of  con- 
densation is  started  in  the  atmosphere  each  time  a  beam  of  sun- 
light falls  upon  lamp-black,  and  a  wave  of  rarefaction  is  ongv 
nated  when  the  light  is  cutoff.  We  can  l/iw9  understand  how 
it  is  thai  a  stfhsiance  like  lamp-hlack  produces  intense  sonorous 
vibrations  in  t/te  surrounding/  air^  w/t He  at  the  same  time  it  com- 
municates a  veri/ feeble  vibration  to  the  diaphragm  or  solid  htd 
upon  which  it  rests. 

♦Phil.  Mag.,  April,  1881,  vol.  xi,  p.  286. 
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This  curious  fact  was  independently  observed  in  England  by 
Mr.  Preece,  and  it  led  him  to  Question  whether,  in  our  experi- 
ments with  thin  diaphragms,  tne  sound  heard  was  due  to  the 
vibration  of  the  disk  or  (as  Professor  Hughes  had  suggested) 
to  the  expansion  and  contraction  of  the  air  in  contact  with  the 
disk  confined  in  the  cavity  behind  the  diaphraojra.  In  his 
paper  read  before  the  Eoyal  Society  on  the  10th  of  March,  Mr. 
JPreece  describes  experiments  from  which  he  claims  to  have 
proved  that  the  effects  are  wholly  due  to  the  vibrations  of  the 
confined  air,  and  that  the  disks  do  not  vibrate  at  all, 

I  shall  briefly  state  my  reasons  for  disagreeing  with  him  in 
this  conclusion  : 

1.  When  an  intermittent  beam  of  sunlight  is  focussed  upon 
a  sheet  of  hard  rubber  or  other  material,  a  musical  tone  can  be 
heard,  not  only  by  placing  the  ear  immediately  behind  the 
part  receiving  the  beam,  but  by  placing  it  against  any  portion 
of  the  sheet,  even  though  this  may  be  a  foot  or  more  from  the 
place  acted  upon  by  the  light 

2.  When  the  beam  is  thrown  upon  the  diaphragm  of  a 
'*  Blake  Transmitter,"  a  loud  musical  tone  is  produced  by  a 
telephone  connected  in  the  same  galvanic  circuit  with  the  car- 
bon button  (A,)  fig.  4.  Good  eflFects  are  also  produced  when 
the  carbon  button  (A)  forms,  with  the  battery  (B,)  a  portion 
of  the  primary  circuit  of  an  induction  coil,  the  telephone  (C) 
being  placed  in  the  secondary  circuit.  In  these  cases  the 
wooden  box  and  mouth-piece  of  the  transmitter  should  be  re- 
moved, so  that  no  air-cavities  mav  be  left  on  either  side  of  the 
diaphragm. 

It  is  evident^  Hierefore,  that  in  the  case  of  thin  disks  a  real  vibra- 
iian  of  the  diaphragm  is  caused  hy  the  action  of  the  intermittent 
beam,  independently  of  any  expansion  and  contraction  of  tlie  air 
confined  in  the  cavity  behind  the  diaphragm. 

Lord  Rayleigh  has  shown  mathematically  that  a  to-and-fro 
vibration,  of  sufficient  amplitude  to  produce  an  audible  sound, 
would  result  from  a  periodical  communication  and  abstraction 
of  heat,  and  he  says :  "  We  may  conclude,  I  think,  that  there 
is  at  present  no  reason  for  discarding  the  obvious  explanation 
that  tue  sounds  in  question  are  due  to  the  bending  of  the  plates 
under  unequal  heating."     (Nature,  xxiii,  p.  274.) 

Mr.  Preece,  however,  seeks  to  prove  that  the  sonorous  effects 
cannot  be  explained  upon  this  supposition  ;  but  his  experi- 
mental data  are  not  sufficient  to  support  his  conclusion.  Mr. 
Preece  expected  that  if  Lord  Eayleigh's  explanation  was  cor- 
rect, the  expansion  and  contraction  of  a  thin  strip  under  the 
influence  of  an  intermittent  beam  could  be  caused  to  open  and 
close  a  galvanic  circuit  so  as  to  produce  a  musical  tone  from  a 
telephone  in  the  circuit.     But  this  was  an  inadequate  way  to 
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teat  the  point  at  issue,  for  Lord  Rayleigh  has  shown  (Proc.  of 
Roy.  Soa,  1877)  that  an  audible  sound  can  be  produced  by  a 
vibration  whose  amplitude  is  less  than  a  ten  millionth  of  a  cenii- 
vieier^  and  certiiinly  such  a  vibration  as  that  would  not  have 
sufficed  to  operate  a  "  make-and -break  contact''  like  that  used 
by  Mr.  Preece.  The  negative  results  obtained  by  him  cannot, 
therefore,  be  considered  conclusive. 

The  following  experiments  (devised  by  Mr.  Tainter)  have 
given  results  decidedly  more  favorable  to  the  theory  of  Lord 
Rayleigh  than  to  that  of  Mr.  Preece  : 

1.  A  strip  (A)  similar  to  that  used  in  Mr.  Preece's  experi- 
ment was  attached  firmly  to  the  center  of  an  iron  diaphragm  (B,) 
as  shown  in  figure  5,  and  was  then  pulled  taut  nt  right  angles 

Pifir.  5. 


to  the  plane  of  the  diaphragm.  When  the  intermittent  beam 
was  focussed  upon  the  strip  (A)  a  clear  musical  tone  could  be 
heard  by  applying  the  ear  to  the  hearing-tube  (0). 

T^ns  seemed  to  indicate  a  rapid  expansion  and  contraction  of  the 
suhstance  under  trial 

But  a  vibration  of  the  diaphragm  (B)  would  also  have  re- 
sulted if  the  thin  strip  (A)  had  acquired  a  to-and-fro  motion, 
due  either  to  the  direct  impact  of  tne  beam  or  to  the  sudden 
expansion  of  the  air  in  contact  with  the  strip. 

2.  To  test  whether  this  had  been  the  case  an  additional  strip 
(D)  was  attached  by  its  central  point  only  to  the  strij)  under 
trial,  and  was  then  submitted  to  the  action  of  the  beam,  as 
shown  in  fig.  6. 

It  was  presumed  that  if  the  vibration  of  the  diaphragm  (B) 
had  been  due  to  a  pushing  force  acting  on  the  strip  (A),  that 
the  addition  of  the  strip  (D)  would  not  interfere  with  the  effect. 
But  if,  on  the  other  hand,  it  had  been  due  to  the  longitudinal 
expansion  and  contraction  of  the  strip  (A),  the  sound  would 
cease,  or  at  least  be  reduced.     The  beam  of  light  falling  upon 

Am.  Jouk.  Sot.— Third  Sbribs,  Vol.  XXI,  No.  12Q.--Junb,  1881. 
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strip  (D)  was  now  interrupted  as  before  by  the  rapid  rotatioD 
of  a  perforated  disk,  which  was  allowed  to  come  gradaally  to 
rest. 

No  sound  was  heard  excepting  at  a  certain  speed  of  rotation, 
when  a  feeb!e  irT^isical  tone  became  audible. 

This  result  is  confirmatory  of  the  first 


The  audibility  of  the  effect  at  a  particular  rate  of  interrnp- 
lion  suggests  the  explanation  that  the  strip  D  had  a  normal 
rate  of  vibration  of  its  own. 

When  the  frequency  of  the  interruption  of  the  light  uorre- 
sponded  to  this,  the  strip  was  probably  thrown  into  vibration 
after  the  manner  of  a  tuning-fork,  in  whicli  case  a  to-and  fro 
vibration  would  be  propagated  down  its  stem  or  central  suji- 
port  to  the  strip  (A), 

This  indirectly  proves  the  value  of  the  experiment 

The  list  of  solid  substances  that  have  been  submitted  to  ex- 
periment in  my  laboratory  is  too  long  to  be  quoted  here,  and  I 
shall  merely  say  that  we  have  not  yet  found  one  solid  body 
that  has  failed  to  become  sonorous  under  proper  conditions  of 
experiment* 

JSrperitnents  with  TAquids. 

The  sounds  produced  by  liquids  are  much  more  dillicidl  to 
observe  than  those  produced  by  solids.  The  high  absorptive 
power  possessed  by  most  liquids  would  lead  one  to  expect  in- 
tense vibrations  from  the  action  of  intermittent  light,  but  tlie 
•  rarbon  und  tliiii  iniorosTOpc  rIhsh  nro  menticined  in  my  Boston  paper  ttam- 
rospotisivc,  HDil  powdorod  otilomto  of  |>otju<1i  in  the  oomQiiiuJuatioD  to  tlie  Preiii^li 
Acadoiiiy.  ((loiiipleti  Hendiis,  toI.  irl.  p.  nilS.)  All  these  aubatoiices  have  •aax 
yk.>tdcil  gminds  iindHr  more  t^arcfut  condiliona  of  experiment. 
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namber  of  sonorous  liquids  that  have  so  far  been  found  is  ex- 
tremely limited,  and  the  sounds  produced  are  so  feeble  as  to 
be  heard  only  by  the  greatest  attention  and  under  the  best  cir- 
cumstances of  experiment.  In  the  experiments  made  in  my 
laboratory  a  very  long  test-tube  was  filled  with*the  liquid  under 
examination,  and  a  flexible  rubber  tube  was  slipped  over  the 
mouth  far  enough  down  to  prevent  the  possibility  of  any  light 
reaching  the  vapor  above  tne  surface.  Precautions  were  also 
taken  to  prevent  reflection  from  the  bottom  of  the  test-tube. 
An  intermittent  beam  of  sunlight  was  then  focussed  upon  the 
liquid  in  the  middle  portion  of  the  test-tube  by  means  of  a  lens 
of  large  diameter. 

Results, 

Clear  water No  sound  audible. 

Water  discolored  by  ink Feeble  sound. 

Mercury _ .No  sound  heard. 

Sulphuric  ether* Feeble,  but  distinct  sound. 

Ammonia "         "  "  " 

Amraonio-sulphate  of  copper "  "  "  " 

Writing  ink. «  "  "  « 

Indigo  HI  sulphuric  acid "  "  "  " 

Chloride  of  copper* "         "  «  " 

The  liquids  distinguished  by  an  asterisk  gave  the  best 
sounds. 

Acoustic  vibrations  are  always  much  enfeebled  in  passing 
from  liquids  to  gases,  and  it  is  probable  that  a  form  of  experi- 
ment may  be  devised  which  will  yield  better  results  by  com- 
municating the  vibrations  of  the  liquid  to  the  ear  through  the 
medium  oi  a  solid  rod. 

Experiments  with  Gaseous  Matter, 

On  the  29th  of  November,  1880, 1  had  the  pleasure  of  show- 
ing to  Professor  Tyndall  in  the  laboratory  of  the  Eoyal  Insti- 
tution the  experiments  described  in  the  letter  to  Mr.  Tainter, 
from  which  I  have  quoted  above,  and  Professor  Tyndall  at  once 
expressed  the  opinion  that  the  sounds  were  due  to  rapid  changes 
of  temperature  in  the  body  submitted  to  the  action  of  the  beam. 
Finding  that  no  experiments  had  been  made  at  that  time  to 
test  the  sonorous  properties  of  different  gases,  he  suggested  fill- 
ing one  testrtube  with  the  vapor  of  sulphuric  ether  (a  good  ab- 
sorbent of  heat),  and  another  with  the  vapor  of  bisulphide  of 
carbon  (a  poor  absorbent),  and  he  predicted  that  if  any  sound 
was  heard  it  would  be  louder  in  the  former  case  than  in  the 
latter. 

The  experiment  was  immediately  made,  and  the  result  veri- 
fied the  prediction. 
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Since  the  publication  of  the  memoirs  of  Ronteen*  and  Tyn- 
dallf  we  have  repeated  these  experiments,  and  nave  extended 
the  inquiry  to  a  number  of  other  gaseous  bodies,  obtaining  in 
every  case  similar  results  to  those  noted  in  the  memoirs  re- 
ferred to. 

The  vapors  of  the  following  substances  were,  found  to  be 
highly  sonorous  in  the  intermittent  beam:  water  vapor,  coal 
gas,  sulphuric  ether,  alcohol,  ammonia,  amylene,  ethyl  bromide, 
aiethylamene,  mercury,  iodine,  and  peroxide  of  nitrogen.  The 
loudest  sounds  were  obtained  from  iodine  and  peroxide  of 
nitrogen. 

I  have  now  shown  that  sounds  are  produced  by  the  direct 
action  of  intermittent  sunlight  from  substances  in  every  physi- 
cal condition  (solid,  liquid,  and  gaseous),  and  the  probability 
is  therefore  very  greatly  increased  that  sonorousness  under  such 
circumstances  will  be  found  to  be  a  universal  property  of 
matter. 

Upon  Substitutes  for  Selenium  in  Electrical  Receivers, 

At  the  time  of  ray  communication  to  the  American  Associa- 
tion the  loudest  eflfects  obtained  were  produced  by  the  use  of 
selenium,  arranged  in  a  cell  of  suitable  construction,  and  placed 
in  a  galvanic  circuit  with  a  telephone.  Upon  allowing  an  in- 
termittent beam  of  sunlight  to  fall  upon  the  selenium  a  musical 
tone  of  great  intensity  was  produced  from  the  telephone  con- 
nected with  it 

But  the  selenium  was  very  inconstant  in  its  action.  Two 
pieces  of  selenium  (even  of  the  same  stick)  seldom  yielded  the 
same  results  under  identical  circumstances  of  annealing,  etc. 
While  in  Europe  last  autumn,  Dr.  Chichester  Bell,  of  Univer- 
sity College,  London,  suggested  tr)  me  that  this  inconstancy  of 
result  might  be  due  to  chemical  impurities  in  the  selenium  used. 
Dr.  Bell  has  since  visited  ray  laboratory  in  Washington,  and  has 
made  a  chemical  examination  of  the  various  samples  of  selenium 
I  had  collected  from  different  parts  of  the  world.  As  I  understand 
it  to  be  his  intention  to  publish  the  results  of  this  analysis  very 
soon,  I  shall  make  no  further  mention  of  his  investigation  than  to 
state  that  he  has  found  sulphur,  iron,  lead,  and  arsenic  in  the 
so-called  *' selenium,'*  with  traces  of  organic  matter;  that  a 
quantitative  examination  has  revealed  the  fact  that  sulphur 
constitutes  nearly  one  per  cent  of  the  whole  mass ;  and  that 
when  these  impurities  are  eliminated  the  selenium  apT)ears  to 
be  more  constant  in  its  action  and  more  sensitive  to  lignt. 

Professor  W.   G.   Adamsij:   has  shown   that  tellurium,  like 

*  Ann.  der  Phys.  iinti  Chein.,  1881,  No.  1,  p.  155. 

tProo.  Roy.  Sm\,  vol.  xxxi,  p.  307. 
Proo.  \U)y.  Soc,  vol.  xxiv,  p.  HJH. 
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aeleniurn,  has  its  electrical  resistance  alfcctcd  bj  light,  and  wc 
have  attempted  to  utilize  this  substance  in  place  of  selenium. 
The  arrangement  of  cell  (shown  in  fig.  7)  was  constructed  for 
this  purpose  in  the  early  part  of  1S80 ;  but  we  failed  at  that 

Flff.  7. 


time  to  obtain  any  indications  of  sensitiveness  with  a  reflecting 
galvanometer.  We  have  since  found,  however,  that  when  this 
tellurium  spiral  is  connected  in  circuit  with  a  galvanic  battery 
and  telephone,  and  exposed  to  the  action  of  an  intermittent 
beam  of  sunlight,  a  distinct  musical  tone  is  produced  by  the 
telephone.  The  audible  effect  is  mnch  increased  by  placing 
the  tellurium  cell  with  the  battery  in  the  primary  circuit  of  an 
induotioti  coil,  and  placing  the  telephone  in  the  secondary 
circuit 

The  enormously  high  resistance  of  selenium  and  the  ex- 
tremely low  resistance  of  tellurium  suggested  the  thought  that 
an  alloy  of  these  two  substances  might  possess  intermediate 
electrical  properties.  We  have  accordingly  mixed  together 
aelenium  and  tellurium  in  different  proportions,  and  while  we 
do  not  feel  warranted  nt  the  present  time  in  making  definite 
.statements  concerning  the  results,  I  may  say  that  such  alloys 
hare  proved  to  be  sensitive  to  the  action  of  light 

It  occurred  to  Mr.  Tiiinter  before  my  return  to  Washington 
last  January  that  the  very  great  molecular  disturbance  pro- 
duced in  lamp-black  by  the  action  of  intermittent  sunlight 
should  produce  a  corresponding  disturbance  in  an  electrical  cur- 
rent passed  through  it,  in  which  case  lamu-black  could  be  em- 
ploye! in  place  of  selenium  in  an  electrical  receiver.    This  has 
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turned  out  to  be  the  case,  and  the  importaQce  of  the  disooverv 
is  very  great,  especially  when  we  consider  the  expense  of  sucli 
rare  Hubstancen  as  selenium  and  tellurium. 

Tlie  form  of  lamp-black  cell  we  liave  found  most  effective  is 
shown  in  Jig.  S.  Silver  is  deposited  upon  a  plate  of  glass, 
and  a  zigzag  line  is  then  scratched  through  the  nloi,  as  showo. 


dividing  flic  silver  surfiice  into  two  portions  insulated  from  one 
another,  having  the  form  of  two  combs  with  interlocking  teeth, 
Kaeh  comb  is  att:icbcd  to  a  screw-cup,  so  that  the  cell  can  be 
placed  in  an  electrical  circuit  wlien  required.  The  surface  is 
then  smoked  until  a.  good  film  of  lamp-black  is  obtained,  filling 
the  interstices  between  the  teeth  of  ilie  silver  comb.'!.  When 
tlic  lanii)-blaek  cell  is  connected  with  a  telephone  and  galvanic 
battery,  and  exposed  to  the  influence  of  an  intermittent  beam 
of  sunlight,  a  loud  musical  tone  is  produced  by  the  telephone. 
This  result  seems  to  be  due  rather  to  the  physical  condition  j 
than  to  the  nature  of  the  conducting  material  employed,  as  j 
metjils  in  a  spongv  condition  produce  similar  ettects.  Forin  ; 
stance,  when  an  electrical  current  is  passed  through  sjwngv 
platiuutn  while  it  is  exposed  to  intermittent  sunlight,  a  dis- 
tinct Ttiusieal  tone  is  ])rotluced  by  a  telephone  in  the  same  cir- 
cuit. In  all  such  cases  the  eftW't  is  increased  by  the  use  of  an 
induction  coil ;  and  the  sensitive  colls  can  be  eniployt>d  for  the 
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rodactioD  of  articulate  speech  as  well  as  for  Jbhe  production 
nusical  sounds. 

Ve  have  also  found  that  loud  sounds  are  produced  from 
p-black  by  passing  through  it  an  intermittent  electrical 
rent;  and  that  it  can  be  used  as  a  telephonic  receiver  for 
reproduction  of  articulate  speech  by  electrical  means. 
I  convenient  mode  of  arranging  a  lamp-black  cell  for  ex- 
imental  purposes  is  shown  in  fig.  9.  When  an  intermittent 
rent  is  passed  through  the  lamp-black  (A,)  or  when  an  in- 
nittent  oeam  of  sunlight  falls  upon  it  through  the  glass 
\e  B,  a  loud  musical  tone  can  be  heard  by  applying  the  ear 
he  hearing-tube  C.  When  the  light  and  the  electrical  cur- 
K  act  simultaneously,  two  musical  tones  are  perceived,  which 
rluce  beats  when  nearly  of  the  same  pitch.  By  proper  ar- 
gements  a  complete  interference  of  sound  can  undoubtedly 
produced. 

Tti  the  measurement  of  the   Sonorous  Effects  prodnced  by 

different  substances, 

Ve  have  observed  that  different  substances  produce  sounds 
v^ery  diflFerent  intensities  under  similar  circumstances  of  ex- 
iment,  and  it  has  appeared  to  us  that  very  valuable  informa- 
i  might  be  obtainea  if  we  could  measure  the  audible  effects 
duced.  For  this  purpose  we  have  constructed  several  dif- 
jnt  forms  of  apparatus  for  studying  the  effects,  but  as  our 
?arches  are  not  yet  complete,  I  shall  confine  myself  to  a 
pie  description  of  some  of  the  forms  of  apparatus  we  have 
ised. 

Vhen  a  beam  of  light  is  brought  to  a  focus  by  means  of  a 
3,  the  beam  diverging  from  the  focal  point  becomes  weaker 
the  distance  increases  in  a  calculable  degree.     Hence,  if  we 

determine  the  distances  from  the  focal  point  at  which  two 
erent  substances  emit  sounds  of  equal  intensity,  we  can 
julate  their  relative  sonorous  powers. 
Preliminary  experiments  were  made  by  Mr.  Tainter  during 

absence  in  Europe  to  ascertain  the  distance  from  the  focal 
nt  of  a  lens  at  which  the  sound  produced  by  a  substance 
ame  inaudible.     A  few  of  the  results  obtained  will  show 

enormous  differences  existing  between  different  substances 
:his  respect. 

At,  Tainter  was  convinced  from  these  experiments  that  this 
d  of  research  promised  valuable  results,  and  he  at  once  de- 
ed an  apparatus  for  studying  the  effects,  which  he  described 
ntie  upon  my  return  from  Europe.  The  apparatus  has  since 
in  constructed  and  I  take  great  pleasure  in  showing  it  to 
1  to-day. 
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Distance  from  Focal  Point  of  Lens  at  which  Satuids  becam 

Inaudible  with  different  substances. 

Zinc  diaphragm,  (polished) V5l^ 

Hard  rubber  diapnragra 1-90 

Tin-foil  " 2-00 

Telephone  "         (Japanned  iron) 2*16 

Zinc  "         (unpolished) 2-15 

White  silk,  (In  receiver  shown  in  fig.  1)  . . .  3-10 

White  worsted,  "  "       "         "...  4-01 

Yellow  worsted,  "  "      "         "...  4*06 

Yellow  silk,  "  "       "•        "    ...  4-13 

White  cotton- wool,       "  "       "         "    ...4-38 

Green  silk,  "  "       "         "...  4-52 

Blue  worsted,  "  "       "         "...  4-69 

Purple  silk,  "  "       "         "...  4-82 

Brown  silk,  "  "       "         "...  5*02 

Black  silk,  "  "       "         "...  5-21 

Red  silk,  "  "       "         "...  5*24 

Black  worsted,  "  "      "        "...  650 

Lamp-black.     In  this  case  the  limit  of  audibility  | 

could  not  be  determined  on  account  of  want  of 
space.     Sound  perfectly  audible  at  a  distance  of.  10*00 

(1.)  A  beam  of  light  is  received  by  two  similar  lenses  (A  B, 
fig.  10,)  which  bring  the  light  to  a  focus  on  either  side  of 
the  interrupting  disk  (C).  The  two  substances,  whose  sonorous 
powers  are  to  be  compared,  are  placed  in  the  receiving  vessels 
(D  E)  (so  arranged  as  to  expose  equal  surfaces  to  the  action 
of  the  beam)  which  communicate  by  flexible  tubes  (FG)o( 
equal  length,  with  the  common  hearing-tube  (H).  The  re- 
ceivers (D  E)  are  placed  upon  slides,  which  can  be  moved 
along  the  graduated  supports  (I  K).  The  beams  of  light  pass- 
ing through  the  interrupting  disk  (C)  are  alternately  cut  ott'by 
the  swinging  of  a  penaulum  (L).  Thas  a  musical  tt)ne  is 
produced  alternatelv  from  the  substance  in  D  and  from  that 
in  PI  One  of  the  receivers  is  kept  at  a  constant  point  upn 
its  scale,  and  the  other  receiver  is  moved  toward  or  from  the 
focus  of  its  beam  until  the  ear  decides  that  the  sounds  pro- 
duced from  D  and  E  are  of  equal  intensity.  The  relative  posi- 
tions of  the  receivers  are  then  noted. 

(2.)  Another  method  of  investigation  is  based  upon  the  pro- 
duction of  an  interference  of  sound,  and  the  apparatus  employed 
is  shown  in  lig.  11.  The  interrupter  consists  of  a  tuning- 
fork  (A),  which  is  kept  in  continuous  vibration  by  means  of 
an  electro-magnet  (B). 

A  powerful  beam  of  light  is  brought  to  a  focus  between  the 
prongs  of  the  tuning-fork  (A),  and  the  passage  of  the  beam  is 
more  or  less  ol)structed  by  the  vibration  of  the  opaque  screens 
(C  D)  carried  by  the  prongs  of  the  fork. 
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Ls  the  tuning-fork  (A)  produces  a  sound  by  its  own  vibra- 
1,  it  is  placed  at  a  sufficient  distance  away  to  be  inaudible 
3ugh  the  air,  and  a  system  of  lenses  is  employed  for  the  pur- 
e  of  bringing  the  undulating  beam  of  light  to  the  receiving 
$  (E)  with  as  little  loss  as  possible.  The  two  receivers  (F 
are  attached  to  slides  which  move  upon  the  graduated  sup- 
ts  (H  I)  on  opposite  sides -of  the  axis  of  the  beam,  and  the 
divers  are  connected  by  flexible  tubes  of  unequal  length  (KL) 
imunicating  with  the  common  hearing-tube  (M). 
?he  length  of  the  tube  (K)  is  such  that  the  sonorous  vibra- 
is  from  the  receivers  (F  G)  reach  the  common  hearing-tube 
)  in  opposite  phases.  Under  these  circumstances  silence  is 
duced  when  the  vibrations  in  the  receiver  (F  G)  are  of 
lal  intensity.  When  the  intensities  are  unequal,  a  residual 
jct  is  perceived.  In  operating  the  instrument  the  position 
the  receiver  (G)  remains  constant,  and  the  receiver  (F)  is 
ved  to  or  from  the  focus  of  the  beam  until  complete  silence 
produced.  The  relative  positions  of  the  two  receivers  are 
in  noted. 

3.)  Another  mode  is  as  follows  :  The  loudness  of  a  musical 
le  produced  by  the  action  of  light  is  compared  with  the 
idness  of  a  tone  of  similar  pitch  produced  by  electrical 
ans.  A  rheostat  introduced  into  the  circuit  enables  us  to 
lasure  the  amount  of  resistance  required  to  render  the  elec- 
2al  sound  equal  in  intensity  to  the  other. 
[4.)  If  the  tuning-fork  (A)  in  fig.  11  is  thrown  into  vibra- 
n  by  an  undulatory  insteaa  of  an  intermittent  current  passed 
rough  the  electro- magnet,  (B,)  it  is  probable  that  a  musical 
le,  electrically  produced  in  the  receiver  (F)  by  the  action  of 
3  same  current,  would  be  found  capable  of  extinguishing  the 
ect  produced  in  the  receiver  (G)  by  the  action  of  the  undu- 
ory  beam  of  light,  in  which  case  it  should  be  possible  to 
ablish  an  acoustic  balance  between  the  eflfects  produced  by 
ht  and  electricity  by  introducing  sufficient  resistance  into 
I  electric  circuit. 

•on  the  nature  of  the  rays  that  produce  Sonorous  eff^ects  in 

different  substances. 

n  my  paper  read  before  the  American  Association  last 
gust  and  in  the  present  paper  I  have  used  the  word  "  light " 
its  usual  rather  tnan  its  scientific  sense,  and  I  have  not  hith- 
3  attempted  to  discriminate  the  eflfects  produced  by  the  dif- 
3nt  constituents  of  ordinary  light,  the  thermal,  luminous, 
I  actinic  rays.  I  find,  however,  that  the  adoption  of  the 
rd  "  photophone"  by  Mr.  Tainter  and  myself  has  led  to  the 
umption  that  we  believed  the  audible  effects  discovered  by 

to  be  due  entirely  to  the  action  of  luminous  rays.     The 


484     A.  G.  Bell — Production  of  Sound  by  Radiant  Energy. 

meaning  we  have  uniformly  attached  to  the  words  "  photo- 
phone"  and  "  light"  will  be  oovious  from  the  following  passage, 
quoted  from  my  Boston  paper : 

"Although  effects  are  produced  as  above  shown  by  forms  of 
radiant  energy,  which  are  invisible,  we  have  named  the  apparatiu 
for  the  production  and  reproduction  of  sound  in  this  way  tbe 
'photophone'  because  an  ordinary  beam  of  light  contains  the 
rays  %onich  are  operative.'*'* 

To  avoid  in  future  any  misunderstandings  upon  this  point 
we  have  decided  to  adopt  the  term  ^^radiophone^^^  proposed  by 
M.  Mercadier,  as  a  general  term  signifying  an  apparatus  for  the 
production  of  sound  by  any  form  of  radiant  energy,  limiting 
the  words  thermophone,  photophone^  and  nctinophone  to  appa- 
nitus  for  the  production  of  sound  by  thermal,  luminous  or 
actinic  rays  respectively. 

M.  Mercadier,  in  the  course  of  his  researches  in  radiophony, 
passed  an  intermittent  beam  from  an  electric  lamp  through  a 
prisrn,  and  then  examined  the  audible  effects  produced  in  dif- 
lerent  parts  of  the  spectrum.     (Gomptes  Rendus,  Dec  6th,  1880.) 

We  have  repeated  this  experiment,  using  the  sun  as  our 
source  of  radiation,  and  have  obtained  results  somewhat  differ 
ent  from  those  noted  by  M.  Mercadier. 

(1.)  A  beam  of  sunlight  was  reflected  from  a  heliostat  (A, 
fig.  12)  through  an  achromatic  lens  (B),  so  as  to  form  an 
image  of  the  sun  upon  the  slit  (C). 

The  beam  then  passed  through  another  achromatic  lens  (D) 
and  through  a  bisulphide  of  carbon  prism  (E),  forming  a  spec- 
trum of  great  intensity,  which,  when  focussed  upon  a  screen, 
was  found  to  be  sufficiently  pure  to  show  the  principal  absorp- 
tion lines  of  the  vsolar  spectrum. 

The  disk-interrupter  (F)  was  then  turned  with  sufficient 
rapidity  to  produce  from  five  to  six  hundred  interruptions  of 
the  light  per  second,  and  the  spectrum  was  explored  with  the 
receiver  (G),  which  was  so  arranged  that  the  lamp-black  sur- 
face exposed  was  limited  by  a  slit,  as  shown. 

Under  these  circumstances  sounds  were  obtained  in  every 
part  of  the  visible  spectrum  (excepting  the  extreme  half  of  the 
violet),  as  well  as  in  the  ultra-red.  A  continuous  increase  in 
the  loudness  of  the  sound  was  observed  upon  moving  the  re- 
ceiver (G)  gradually  from  the  violet  into  the  ultra-red.  The 
|)oint  of  maximum  sound  lay  very  far  out  in  the  ultra-red. 
Beyond  this  point  the  sound  began  to  decrease,  and  then  stop- 
peel  so  suddenly  that  a  very  slight  motion  of  the  receiver  (G) 
made  all  the  difterencc  between  almost  maximum  sound  and 
complete  silence.* 

♦The  results  obtained  in  this  and  subsequent  experiments  are  shown  in  a 
tabulated  form  in  f)g.  11. 
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(2.)  The  lamp-blacked  wire  gauze  was  then  removed  and  the 
interior  of  the  receiver  (G)  was  filled  with  red  worsted.  Upon 
exploring  the  spectrum  as  before,  entirely  different  results  were 
obtained.  The  maximum  effect  was  produced  in  the  green  at 
that  part  where  the  red  worsted  appeared  to  be  black.  On 
either  side  of  this  point  the  sound  gradually  died  away,  becom- 
ing inaudible  on  the  one  side  in  the  middle  of  the  indigo,  and 
on  the  other  at  a  short  distance  outside  the  edge  of  the  red. 

(8.)  Upon  substituting  green  silk  for  red  worsted  the  limit*? 
of  audition  appeared  to  be  the  middle  of  the  blue  and  a  point 
a  short  distance  out  in  the  ultra-red.     Maximum  in  the  red. 

(4.^  Some  hard  rubber  shavings  were  now  placed  in  the  re- 
ceiver (G).  The  limits  of  inaudibility  appeared  to  be  on  the 
one  hand  the  junction  of  the  green  and  blue,  and  on  the  other 
the  outside  edge  of  the  red.  Maximum  in  the  yellow.  Mr. 
Tainter  thought  he  could  hear  a  little  way  into  the  ultra-red, 
and  to  his  ear  the  maximum  was  about  the  junction  of  the  red 
and  orange.* 

(5.)  A  test-tube  containing  the  vapor  of  sulphuric  ether  was 
then  substituted  for  the  receiver  (G).  Commencing  at  the 
violet  end,  the  test-tube  was  gradually  moved  down  the  spec- 
trum and  out  into  the  ultra-red  without  audible  effect,  but 
when  a  certain  point  far  out  in  the  ultra- red  was  reached  a 
distinct  musical  tone  suddenly  made  its  appearance,  which 
disappeared  as  suddenly  on  moving  the  test-tube  a  very  little 
further  on. 

(6.)  Upon  exploring  the  spectrum  with  a  test-tube  contain- 
ing tlie  vapor  of  iodine  the  limits  of  audibility  appeared  to  be 
the  middle  of  th6  red  and  the  junction  of  the  blue  and  indigo. 
Maximum  in  the  green. 

(7.)  A  test-tube  containing  peroxide  of  nitrogen  was  substi- 
tuted for  that  containing  iodine.  Distinct  sounds  were  ob- 
tained in  all  parts  of  the  visible  spectrum,  but  no  sounds  were 
observed  in  the  ultra-red.  The  sounds  were  well  marked  in 
all  parts  of  the  violet,  and  I  even  fancied  that  the  audible 
effect  extended  a  little  way  into  the  ultra-violet,  hut  of  this 
I  cannot  be  certain.  Upon  examining  tlie  absorption  spectrum 
of  peroxide  of  nitrogen  it  was  at  once  observed  that  the 
maximum  sound  was  produced  in  that  part  of  the  spectrum 
where  the  greatest  number  of  absorption  lines  made  their 
appearance. 

(8.)  The  spectrum  was  now  explored  by  a  selenium  cell,  and 
the  audible  effects  were  observed  by  means  of  a  telephone  in 
the  same  galvanic  circuit  with  the  cell.  The  maximum  effect 
was  produced  in  the  red  about  its  junction  with  the  orange. 
The  audible  effect  extended  a  little  way  into  the  ultra-red  on 

*  In  the  diagram  fig.  14  a  ineaii  of  these  readings  is  shown. 
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)ne  hand  and  up  as  high  as  the  middle  of  the  violet  on  the 
r. 

Ithough  the  experiments  so  far  made  can  only  be  consid- 
as  preliminary  to  others  of  a  more  refined  nature,  I  think 
•re  warranted  in  concluding  that  the  nature  of  Oie  rays  that 
ace  sonorous  effects  in  different  substances  depends  upon  tlie 
re  of  iiie  substances  that  are  exposed  to  t/ie  beamy  and  that  the 
ds  are  in  every  case  due  io  those  rays  of  the  spectrum  that  are 
'bed  by  the  body. 

The  Spectrophone, 

ur  experiments  upon  the  range  of  audibility  of  different 
lances  in  the  spectrum  have  led  us  to  the  construction  of 
w  instrument  lor  use  in  spectrum  analysis,  which  was  de- 
)ed  and  exhibited  to  the  Philosophical  Society  of  Washing- 
last  Saturdajr.*  The  eye-piece,  of  a  spectroscope  is  re- 
ed, and  sensitive  substances  are  placed  m  the  focal  point 
he  instrument  behind  an  opaque  diaphragm  containing  a 
These  substances  are  put  in  communication  with  the 
by  means  of  a  hearing-tube,  and  thus  the  instrument  is 
^erted  into  a  veritable  **  spectrophone,"  like  that  shown  in 
13. 

ippose  we  smoke  the  interior  of  our  spectrophonic  receiver, 
fill  the  cavity  with  peroxide  of  nitrogen  gas.  We  have 
a  combination  that  gives  us  good  sounds  in  all  parts  of 
spectrum  (visible  and  invisible),  except  the  ultra-violet 
r,  pass  a  rapidly-interrupted  beam  of  light  through  some 
itance  whose  absorption  spectrum  is  to  be  investigated,  and 
is  of  souud  and  silence  are  observed  upon  exploring  the 
trum,  the  silent  positions  corresponding  to  the  absorption 
is.  Of  course,  the  ear  cannot  for  one  moment  compete 
I  the  eye  in  the  examination  of  the  visible  part  of  the  spec- 
1 ;  but  in  the  invisible  part  beyond  the  rea,  where  the  eye 
seless,  the  ear  is  invaluabla  In  working  in  this  region  of 
spectrum,  lamp-black  alone  may  be  used  in  the  spectro- 
nic  receiver.  Indeed,  the  sounds  produced  by  this  sub- 
ce  in  the  ultra-red  are  so  well  marked  as  to  constitute  our 
-ument  a  most  reliable  and  convenient  substitute  for  the 
mo-pile.  A  few  experiments  that  have  been  made  may  be 
resting. 

.)  The  interrupted  beam  was  filtered  through  a  saturated 
tion  of  alum. 

esult :  The  range  of  audibility  in  the  ultra-red  was  slightly 
iced  by  the  absorption  of  a  narrow  band  of  the  rays  of 
jst  refrangibility.  The  sounds  in  the  visible  part  of  the 
trum  seemed  to  be  unaff*ected. 

♦  Proc.  of  Phil.  Soc.  of  Washington,  April  16,  1881. 
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(2.)  A  thin  sheet  of  hard  rubber  was  interposed  in  the  path 
of  the  beam. 

Result:  Well-marked  sounds  in  every  part  of  the  ultra-red. 
No  sounds  in  the  visible  part  of  the  spectrum,  excepting  the 
extreme  half  qf  the  red. 

These  experiments  reveal  the  cause  of  the  curious  fact  al- 
luded to  in  my  paper  read  before  the  American  Association 
last  August — that  sounds  were  heard  from  selenium  when  the 
beam  was  filtered  through  both  hard  rubber  and  alum  at  the 
same  time.     (See  table  of  results  in  fig.  14). 

(8.)  A  solution  of  ammonia-sulphate  of  copper  was  tried. 

Result:  When  placed  in  the  path  of  the  beam  the  spectrum 
disappeared,  with  the  exception  oF  the  blue  and  violet  end. 
To  the  eye  the  spectrum  was  thus  reduced  to  a  single  broad 
band  of  blue-violet  light.  To  the  ear,  however,  the  spectrum 
revealed  itself  as  two  bands  of  sound  with  a  broad  space  of 
silence  between.  The  invisible  rays  transmitted  constituted  a 
narrow  band  just  outside  the  red. 

I  think  I  have  said  enough  to  convince  you  of  the  value  of 
this  new  method  of  examination,  but  I  do  not  wish  you  to 
understand  that  we  look  upon  our  results  as  by  any  means 
complete.  It  is  often  more  interesting  to  observe  the  first  tot- 
terings  of  a  child  than  to  watch  the  firm  tread  of  a  full-grown 
man,  and  I  feel  that  our  first  footsteps  in  this  new  field  of 
science  may  have  more  of  interest  to  you  than  the  fuller  results 
of  mature  research.  This  must  be  my  excuse  for  having  dwelt 
so  long  upon  the  details  of  incomplete  experiments. 

I  recognize  the  fact  that  the  spectrophone  must  ever  remain 
a  mere  adjunct  to  the  spectroscope,  but  I  anticipate  that  it  has 
a  wide  and  independent  field  of  usefulness  in  the  investigation 
of  absorption  spectra  in  the  ultra- red. 
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iT.  LIX. — The  Solar  Parallax  as  derived  from  t/te  American 
Pholofjraphs  of  the  Transit  of  Ventis,  1874,  December  8-9;  by 
D.  P.  Todd,  M.A.,  Assistant  in  the  Office  of  the  American 
Ephemeris  and  Nautical  Almanac. 

Hitherto  no  value  of  the  solar  parallax  has  been  derived 
nn  the  observations  of  the  transit  of  Venus  made  at  the 
uerican  stations  in  1874. 

In  the  volume  of  observations  recently  issued,  Part  the  First, 
neral  JJiscussion  of  Results^  are  given  most  of  the  data  which 
5  necessary  for  the  derivation  of  the  solar  parallax  from  (1) 
3  photographs  of  the  transit,  (2)  the  optic  observations  of  the 
iDsit  We  shall  concern  ourselves  only  with  the  photo- 
iphic  results :  these  are  presented  in  pages  104-117,  in  very 
arly  the  form  of  equations  of  condition  involving  the  correc- 
►n  of  the  difference  of  right  ascension  of  the  sun  and  Venus, 
8  correction  of  the  difference  of  declination  of  the  sun  and 
mus,  and  the  correction  of  the  assumed  value  of  the  solar 
rallax.  The  residual  differences,  (0. — C),  being  given  in 
stance,  s,  and  in  position-angle,  p,  every  photograph  furnishes 
o  distinct  equations  of  condition.  The  total  number  of 
otographs  is  two  hundred  and  thirteen,  distributed  among 
3  several  stations  as  follows: — 


The  Northern  Stations. 

The  Southern  Stations. 

Wladiwostok                  13 
Nagasaki                        45 
Peking                            2t> 

Kerguelen                         8 
Hobart  Town                  37 
('ampbelltown                 32 
Queenstown                    45 
Chatham  Island                 7 

These  equations  cannot  be  regarded  as  definitive :  in  addition 
the  corrections  for  longitude  of  the  stations  (provisional 
dues  having  been  adopted  in  several  cases),  three  small 
►rrections  arising  from  the  absorption  of  the  solar  and  the 
irrestrial  atmospheres  have  still  to  be  applied,  whose  general 
feet  on  the  solar  parallax  has  been  considered  immediately 
receding  the  equations  of  condition  themselves,  pages  102- 
03.  The  first  and  the  second  effects  being  supposably  small  and 
3tiDg  contrariwise  on  the  solar  parallax,  we  may,  without  very 
reat  uncertainty,  disregard  their  combined  action.  The  third 
orrection   should    be    investigated    independently   from   the 

Suations  of  condition  themseWes;  and  this  again  cannot 
vantageously  be  done  until  the  definitive  longitudes  have  been 
btained :  all  the  effects  of  absorption  of  the  solar  and  the 
jrrestrial  atmospheres  may  then  be  most  opportunely  consid- 
red. 


492 


D.  P.  Todd— The  Solar  Parallax. 


The   Equations   of  Condition  in  a. 

Putting,  then,  5^„  di^.  .  ,  dX^  equal  to  zero,  every  photogra 
gives  one  equation  of  condition  in  s  of  the  form 

0  =  a  cJA  4-  fc  <5D  +  c  do  —  (0.— C.) 

The  normal  equations  in  s  are  as  follow  : — 

+  23-99  <5A  +  24-71  dD  —  28-72  do  —  82-17  =  0 
4-  24-71  dA  4-  18446  dD  -  316  do  -  439-61  =  0 
-  28-72  dA  -      316  dD  4-  484-51  do  4-     21*72  =  0 

whose  solution  gives — 

dA  =  +  l''-18l  ±  0"-202 
dD  =  4-  2"-226  ±  0"-070 
do  =  +  0"-0397  ±  0"-0418 

The  probable  error  of  a  single  photograph  is  0"'88. 
The  sums  of  the  squares  of  the  absolute  terms  in  the  equ 
tions  of  condition  are  as  follow  : — 


nn 
nn 
nn 


w  =  62'-48 
N  =  318-25 
p  =    130-18 


nn 

K  =     37''-02 

nn 

„=    115-65 

nn 

c  =    414-40 

nn 

Q  =    337-63 

nn 

ch  =      27-83 

[wn]     =  1433-50 

The  sums  of  the  squares  of  the  outstanding  residuals  area 
follow  : — 


vv 

w-     V'-H 

VIJ 

N   =    52-47 

vv 

P   =    29-28 

VV 

K 

^^ 

20*^-44 

vv 

H 

=r 

59-74 

vv 

c 

z= 

95-16 

'vv 

Q 

ZZI 

85-67 

vv 

Ch 

n^ 

8-91 

[vv]     =   358-81 

The   Equations  of  Condition  in  p. 

Putting,  as  before,  5^„  5A, .  .  .  8X^  equal  to  zero,  every  photo 
graph  gives  one  equation  of  condition  in  p  of  the  form 

0  =  a'6A   +   i'  dD  4-  c'  do  -  (()/-C/) 

The  normal  equations  in  p  are  as  follow  : — 

+  8()82117        dA  -  1404261        dD  -  13899920  do  -  142109-4  -  0 

-  1404261        dA  4-  1521370       dD  —     2509311  do  +     104421  =0 

-  138999-20  dA  —       2509311  dD  +       7320-76  do  +       2651  6  -  0 

wiiose  solution  gives — 

dA  =  4-  r'-109  ±  0"-109 
dD  =  -f  0"-637  ±  0"-224 
dCT  =   +  0"0252  ±  0"0595 

The  probable  error  of  :i  single  photograph  is  8'*447. 
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The  sums  of  the  squares  of  the  absolute  terms  in  the  equa- 
tions of  condition  are  as  follow  : — 


nn 

w  =   358'-65 

nn' 

K  =   381'-20 

nn 

K  =  1271-49 

nn 

„  =  1924-85 

nn] 

P  =     269-08 

nn 

c  =  2044-68 

nn 

Q  =  1462-97 

• 

nn 

cb=     220-70 

[nn]    =  7933-62 

The  suras  of  the  squares  of  the  outstanding  residuals  are  as 
follow : — 


vv 

w  =  823'-65 

VV 

K  =   l74'-34 

vv 

f,  z=    972-02 

yv] 

„  =    840-69 

vv] 

P  =    519-77 

^vv\ 

c  =  1236-90 

vv 

Q  =  123209 

vv 

c).=:    176-04 

[vv]     =  5475-60 

FiXAL  Values  of  tfA,  c^D,  Srs, 

It  seems  likely  that  some  of  the  probable  errors  of  these 
quantities  which  have  been  derived  are  illusory.  The  best 
course,  however,  which  we  can  now  pursue  will  be  to  combine 
the  values  of  ^A,  ^D,  and  do  obtained  from  the  two  solutions 
in  accordance  with  the  weights  depending  upon  these  probable 
errors. 

We  thus  have,  for  ^A, 


From  solution  iu  «, 

dA  =  +  1"-181  ±  0"-202 

From  solutioQ  in  p, 

(JA  =  +  1''109  ±  0''109 

Final  value. 

<5A  =  4-    0«076  ±  0«006 

And  for  ^D, 

From  solution  in  «.     JD  =  +  2"-225  ±  0"070 

From  solution  in  p,    (5D  =  +  0''-637  ±  0''-224 

Final  value,     cJD  =  +  2''083  ±  0''067 

And  for  io, 

Prom  solution  in  8,     rfo  =  +  O'^'OSS*?  ±  0"-0418 
From  solution  in p,    do  =  +  0''0262  ±  0"0695 
Final  value,     do  =  +  0"-035     ±  0''-034 

The  assumed  value  of  o  being  8"'848,  we  have,  finally,  for 
the  mean  equatorial  horizontal  parallax  of  the  sun, 

8''-883  ±:  0''-034 

corresponding  (if  we  adopt  the  dimensions  of  the  earth  given 
by  Colonel  A.  R.  Clarke*)  to  a  distance  between  the  centres  of 
the  sun  and  earth  equal  to 

148,103,000  kilometers  =  92,028,000  miles. 
Washington,  April  27,  1881. 

♦  Geodesy  .  . .  Oxford,  Clarendon  Press,  1880,  page  319. 
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Art.  LX. —  On  some  remarkable  Fossil  Fishes  from  the  Devo- 
nian Rocks  of  Scaumenac  Bay^  in  the  Province  of  Quebec;  by 
J.  F.  Whiteaves. 

Immediately  after  my  paper  on  the  Canadian  Pterichthy^  wm 
written,  Mr.  A.  H.  Foord,  of  the  Geological  Survey  of  Canada, 
went  down  to  the  Baie  des  Chaleurs  and  spent  two  months  and  a 
half  of  the  summer  of  1880  in  a  careful  and  systematic  examina- 
tion of  the  fish-bearing  beds  of  the  Devonian  rocks  of  the  north 
bank  of  the  mouth  of  the  Restigouche  River.     The  exact  locality 
at  which  the  Pterichthys  Canadensis  was  found  is  not  the  Baie 
des   Chaleurs  proper  but  Scaumenac  (sometimes   written  Escu- 
minac)  Bay,  Restigouche  Harbor,  in  the  County  of  Bonaventnre. 
On  the  shores  of  this  bay  a  series  of  shales,  sandstones  and  con- 
glomerates.  Flow  known  to  be  of  Devonian  age,  are  overlaid, 
apparently  unconforraably,  by  the  red  sandstones  and  conglom- 
erates of  the  "  Bonaventnre  Formation." 

From  these  Devonian  rocks  Mr.  Foord  succeeded  in  obtaining 
a  large  and  interesting  collection  of  fossil  fishes.     Fully  four-fiflb 
of  the  entire  number  of  specimens  in  this  collection  are  referable 
to  the  genus  Pterichthys^  which,  at  this  locality,  seems  to  be  repre- 
sented by  only  one  species,  the  P.  Canadensis.     Some  of  these 
are  nearly  perfect  and  want  only  the  fins  proper  and  the  tail,  while 
others  are  mere  isolated  plates  or  detached  portions  of  the  pectoral 
spines.     One  of  the  specimens  shows  that  the  Canadian  Pterich- 
thys liad  two  labial   appenda^^es  or  barbels  attached  to  the  front 
margin  of  the  head.     These  barbels  are  almost  exactly  similar  in 
sha])e  to  those  indicated  by  dotted  lines  in  the  ideal  representation 
of  tlie  genus  IHerichthys  on   Plate  VI  of  the  "  Monographic  des 
Poissons  Fossiles  dii  Vieux  Ores  Rouge,"  which  Agassiz  claims  to 
have  seen  in  his  P,  laft/s,  but  in  P.  Canadensis  the   barbels  are 
very  elope  together  at  their  bases.     In  two  other  specimens  of  a 
IHeriohthys  collected    by  Mr.  Foord,  two   remarkable,  flattened 
conical,  dermal  processes  are  plainly  visible  on  the  helmet,  one  on 
each  side  of  the  orbital  cavity.     Posteriorly  each  process  appear? 
to  fit  into  the  angle  formed  by  the  junction  of  the  prelateral  with 
the  nuchal  and    post-lateral  plates,  while  anteriorly  they  are  each 
directed   obliquely  outward   and   forward  across  the   preiaterals, 
which  they  |)artly  cover.     In  one  of  the   specimens  the  dermal 
processes,  which  are  ornamented   with  a  sculpture   precisely  sim- 
ilar to  that  of  all  the  other  plates,  are  half  an  inch  long  and  two 
lines   and  a  half  broad   near  their  base.     They  taper   gniduallv 
from  their  base  to  an  obtuse  point  and  are  pressed  close  to  the 
surface  of  the  helmet. 


In  acblition  to  these  remains  of  Pterichthys^  there  are  examples 
of  eight  or  nine  species  of  fossil  fishes  in  iVIr.  Foord's  ccdlection, 
which  belontj  to  at  least  seven  genera.  The  following  is  a  brief 
descn})tion  of  the  most  striking  characters  of  six  of  these  species, 

*  On  a  new  species  of  Pterichihys,  allied  to  Bothriolepi'i  ornata  Eichwald  etc. 
this  Journal,  xx,  132,  AugvvHt,  1880. 
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affinities  of  the  remainder  not  having  yet  been  satisfactorily 
^rtained : 

iiaeanthns. 

'wo  specimens,  one  showing  scales  and  longitudinally  grooved 
spines  and  the  other  a  large  portion  of  the  body,  of  a  small, 
K>th-scaled  Diplacantkus^  very  like  the  D,  stricUus  of  Agassiz 
possibly  identical  with  that  species. 

wneropleuron  curium^  sp.  nov. 

*oar  crashed  and  distorted  but  nearly  perfect  examples  and 
?ral  fragments  of  a  new  species  of  Phaneropleuron^  which 
srs  from  the  P.  Anderso?ii  of  Huxley,  from  the  Old  Red  Sand- 
le  of  Dura  Den,  in  its  smaller  size  and  in  its  much  greater 
jbt  or  depth  as  compared  with  its  length.  P.  Andersont  is 
resented  as  being  about  five  and  a  half  times  as  long  as  hi^h, 
;reas  in  the  largest  specimen  of  P.  cyrtum  yet  collected,  which 
ix  inches  long,  the  length  is  not  much  more  than  twice  the 
jht. 

Hhenopteron  Foordi^  nov.  gen.  et  sp. 

!Tie  name  Eusthenopteron*  is  proposed  for  a  supposed  new 
iU8  which  resembles  the  Tristichopterus  of  Sir  Philip  Egerton 
.he  shape  and  ornamentation  of  its  scales  and  cranial  plates,  in 
circumstance  that  the  fin  rays  of  its  anal  and  second  dorsal 
are  both  supported  by  three  osselets  articulated  to  a  broad 
^rspinons  apophysis,  and  in  some  other  important  particulars. 
t  the  vertebral  centers  of  TVistichopterus  are  said  to  be  ossified, 
1  the  osselets  which  support  the  rays  of  the  lower  lobe  of  the 
are  described  as  "  springing  from  eight  or  nine  interspinous 
les,"  whereas  in  JEusthenopteron  the  vertebral  centers  are  not 
fied  and  the  caudal  osselets  are  articulated  to  the  modified 
nal  spines.  In  JEusthenoptheron^  too,  the  osselets  and  inter- 
lous  bones  of  the  anal  and  second  dorsal  are  larger  than  those 
Tristichopterus^  and  different  also  in  their  shape  and  relative 
portions. 

he  species,  which  is  named  after  its  discoverer,  Mr.  A.  H. 
)rd,  may  be  recognized  by  its  large  size  (it  appears  to  have 
lined  to  a  length  of  two  feet  or  more)  and  by  its  narrowly  clon- 
ed and  acutely  pointed  first  dorsal  fin. 

jptolepis  tnicrolepidotus  Agassiz. 

V  single,  nearly  perfect  specimen  of  a  small-scaled  Glt/ptolepis 
ich  cannot  at  present  be  distinguished  from  the  above  named 
ropean  species. 

^/ptolepis . 

V  second  species  of  Qlyptolepis^  apparently  allied  to  the  G. 
topteriis  of  Agassiz,  is  indicated  by  a  number  of  large  detached 
les,  nearly  an  inch  in  diameter,  which  are  associated  with 
nder  rib-bones,  an  operculum  and  a  fragment  of  a  jaw  with 
th,  on  the  same  small  slabs  of  shale. 

♦  From  ev-(T6ci'Tf^,  stout,  and  irrEpov,  a  fin. 
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Cheirolepis  Canadensis,  no  v.  sp. 

Four  exquisitely  preserved  specimens,  two  of  which  are  nearly 
perfect,  of  a  large  (Jheirolepis  which  resembles  the  (J,  rn<icroeeph- 
alus  of  McCoy  and  tlie  C,  Cuminrfim  of  Agassiz  in  the  size,  con- 
tour and  sculpture  of  the  scales  of  the  body  and  fins,  but  which 
seems  to  differ  from  both  in  the  relative  position  of  its  tins.  In 
C.  Canadensis  the  ventrals  are  separated  from  the  pectorals  by  a 
short  interval  and  from  the  anal  by  a  much  longer  one.  In  C 
macrocephalus,  on  the  other  hand,  the  ventrals  are  represented  by 
McCoy  as  being  nearer  to  the  anal  than  they  are  to  the  pectorals, 
while  in  C  Cumhigiw,  according  to  Hugh  Miller,  '*  the  large  pec- 
torals almost  encroach  on  the  ventrals  and  the  ventrals  on  the 
anal  fin." 

A  more  detailed  description  of  these  species  will  be  found  in 
the  current  number  of  the  "  Canadian  Naturalist."* 

The  existence  of  fossil  plants  as  well  as  of  fish  remains  in  the 
Devonian  shales  and  sandstones  of  Scaumenac  Bay  was  noticed 
by  Dr.  Abraham  Gesner  in  1842,  and  from  these  rocks  Mr.  Foord 
also  obtained  four  species  of  ferns,  which  have  recently  been  re- 
ported on  by  Principal  Dawson. 

The  analogies  between  the  fossil  fauna  of  the  fish-bearing  beds 
of  Scaumenac  Bay  and  that  of  the  Old  Red  Sandstone  of  Scotland 
and  Russia  are  very  striking.     The  Pterichthys  Canadensis  is  still 
doubtfully  distinct  from  the  JJothriolepis  ornaia  of  Europe ;  the 
fragments  of  a  Diplacanthus  obtained  by  Mr.  Foord   have  appar- 
ently much  the  same  characters  as  the  JJ,  striatus  of  Agassiz,  and 
the  genus  Phaneropleitron  can  now  be  shown  to  occur  in  the  De- 
vonian rocks  of  Canada  as  well  as  in  those  of  Scotland.     Eustht- 
nopteron  has  many  features  in  common  with  TrisHchoptems  ;  one 
species  of  Glyptohpis  from  Scaumenac  Hay  seems  to  be  identical 
with  the    G.  ))iicrolepidotus  of  Aujassiz,  from  Let  hen  Bar,  while 
the  other  bears  a  Lceneral  reseniblano(»  to  tlie  G,  leptopterus  ol  the 
same  author;  and  lastly,  Ck*drolepls  Camtdensisis  ciiTi2i\i\\\  yax)^ 
closely  allied  to  two  Scotch  species. 

These  Devonian  rocks  at  Scaumenac  may  have  been  of  fresh- 
water or  estuarine  oriij^in,  for  no  traces  of  any  marine  invertehrata 
have  yet  been  detected  in  any  of  them  and  the  fossil  fishes  which 
they  contain  are  invariably  found  associated  with  land  plants. 

Montreal,  April  7th,  IS81. 


Art.    LXI. —  Oti    the    Rai)i-F<iU    in     Walling  ford,    Cottnecticni^ 
between  185G  and  1881  ;   Record  kept  by  15.  F.  IfARuisox. 

The  followinur  table  orives  the  amount  in  inches  of  rain  and 
melted  snow  for  each  month  of  each  year.  The  depth  of  snow  in 
the  winter  months  is  also  ujiven.  The  record  extends  Irom  A|»rii, 
1856  to  December,  18H0,  inclusive,  with,  however,  tlie  exception 

*  Vol.  X.  new  serie.**. 
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;e  five  closing  months  of  1862,  and  the  years  1863,  1864.  At 
lose  the  means  for  each  month  arc  given,  and  also  the  final 
ige  for  the  whole  period  over  which  the  observations  ex- 
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SCIENTIFIC      INTELLIGENCE. 

I.     CHEMISTKY  'AND    PhYSICS. 

1.  On  the  Direct  Syyithesis  of  Anunoiiia, — While  passing  nitro- 
gen gas  over  freshly  hydrogenized  eopper  at  a  red  heat,  Johnson 
observed  the  formation  of  traces  of  ammonia.  He  therefore  re- 
})eated  liis  ex|)eriments  and  passed  a  mixture  of  pure  nitrogen- 
evolved  from  ammoninm  nitrite — and  hydrogen  over  spongy 
platinum  at  a  low  red  heat.  The  hydrogen  was  produced  first 
and  then  passed  through  silver  nitrate  and  oil  of  vitriol,  over 
pumice  moistened  with  sulphuric  acid,  through  Nessler's  reagent 
and  then  over  the  spongy  platinum.  After  the  platinum  had  been 
heate<l  to  redness  in  tlie  hv<ln)nren  and  the  absence  of  ainmoniii 
])roved,  the  nitrogen  was  evolved  and  passed  through  the  purify- 
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i  drying  apparatus  with  the  hydrogen.  When  the  mixture 
d  the  hot  platinum,  ammonia  was  produced,  the  Nessler 
3came  brown,  the  well  known  odor  was  perceived,  red  lit- 
is turned  blue  and  white  fumes  were  produced  with  hydro- 
acid.  Quantitative  experiments  showed  the  production  of 
rms.  NH,  per  hour  in  this  apparatus.  This  result  having 
objected  to  on  the  ground  that  the  vapor  of  some  salt  of 
lia  mi^ht  be  carried  by  the  rapid  stream  of  gas  through  the 
ns  ana  be  dissociated  in  the  hot  platinum,  the  author  has 
"urther  experiments  on  the  question.  Hydrogen  was  passed 
h  the  apparatus  till  free  from  ammonia,  and  after  the  plati- 
as  cold,  nitrogen  was  passed  through  for  the  purpose  of 
;ing  the  hydrogen ;  so  that  on  subsequent  heating  in  pure 
3n  the  amnionia  salt  if  present  might  be  dissociated  and 
its  ammonia.  But  on  admitting  the  nitrogen  to  the  cold 
im,  ammonia  was  produced,  24  mgrms.  in  an  hour.  The 
nent  was  then  repeated  with  nitrogen  obtained  by  passing 
T  heated  copper ;  but  no  ammonia  appeared.  Nor  was  any 
:ed  when  the  nitrogen  prepared  from  the  nitrite  was  previ- 
passed  over  heated  copper.  Two  hypotheses  suggested 
'Ives :  either  the  heat  rendered  the  nitrogen  inactive,  or  some 
m  oxide,  which  was  present  and  yielded  the  ammonia,  was 
?d  by  the  hot  copper.  On  examination  it  appeared  that 
Togen  prepared  from  ammonium  nitrite  always  contains 
nitric  oxide.  To  remove  this,  the  nitrogen  was  passed 
h  ferrous  sulphate ;  and  to  test  its  purity  it  was  then 
through  a  tared  tube  containing  freshly-reduced  copper 
to  redness,  the  tube  being  weighed  every  hour.  When 
8  passed  over  a  sufficient  length  of  the  ferrous  sulphate  so- 
no  increase  in  weight  was  observed  in  the  copper  tube, 
itrogen  being  now  free  from  oxides,  was  used  with  hydro- 
befbre ;  and  with  cold  spongy  platinum,  3  mgrms.  of  am- 
was  produced  in  an  hour.  But  when  the  mixture  of  gases 
issed  over  heated  asbestus  before  reaching  the  platinum, 
I  traces  of  ammonia  were  produced  in  the  asbestus,  none 
.^er  appeared  in  the  platinum  until  the  asbestus  tube  had  so 
>led  as  to  be  handled.  Hence,  it  appears  that  the  forma- 
f  ammonia  is  arrested  by  passing  the  nitrogen  through  a 
t  tube;  and  the  author  thinks  this  evidence  strong  that 
gn,  like  phosphorus,  exists  in  an  active  and  an  inactive 
the  latter  produced  by  heat. — J.  Chem.  Soc,^  xxxix,  128, 
[arch,  1881.  g.  F.  b. 

hi  Blood-crystals  and  their  Coloring  Matter. — Struvk  has 
ed  that  freshly  prepared  blood-crystals,  after  being  ren- 
insoluble  by  the  action  of  alcohol,  their  form  remaining  un- 
h1,  may  be  completely  decolorized  by  treatment  with  alco- 
mmonia.  Glacial  acetic  acid  causes  them  to  swell,  and  ex- 
the  color.  When  it  evaporates  they  shrink,  becoming 
lar  in  form,  but  reassurae  their  original  size  and  shape  on 
\  more  acid.     Concentrated  sul]>huric  acid  acts  similarly  on 


500  Scientific  Intelligence, 

the  crystals  but  decomposes  the  coloring  matter,  removing  the 
iron,  and  producing  hematoporphyrin  having  a  distinct  absorption 
spectrum.  The  author  therefore  concludes  that  the  blood  crys- 
tals are  really  crystals  of  globulin  mechanically  mixed  with  the 
coloring  matter,  a  view  originally  held  by  Reichert  in  1847. — 
Ber,  BerL  Chem,  Ges.^  xiv,  930,  Apr.,  1881.  g.  f.  b, 

3.    On  the  Absorption  Spectra  of  Colorless  Liquids. — Russell 
and  Lapraik  have  repeated  and  extended  their  observations  of 
last  summer  on  the  absorption  bands  in  the  spectra  of  liquids  or- 
dinarily considered  colorless.     The  spectra  were  in  all  cases  ob- 
served with  the  eye,  the  spectroscope  used  being  made  by  Denaga 
and  having  a  single  prism  of  heavy  glass.     The  sources  of  li^ht 
were  a  large  Argand  gas  burner  and  the  lime  cylinder.     Before 
reaching  the  slit,  the  light  traversed  a  column  of  the  liquid  from 
2  to  8  feet  long.     A  plate  is  given  showing  the  bands  in  the  spec- 
tra of  thirty-four  liquids.     Water,  in  a  tube  6  feet  in  length  gives 
a  distinct  absorption  band  between  the  600  and  610  divisions  of 
the  scale,  these  divisions  coiTesponding  to  millionths  of  a  milli- 
meter.    It  is  darker  on  the  more  refrangible  side  and  ends  sharply, 
fading  off  gradually  on  the  other  side.     The  general  absorption 
extends  to  about  666  in  the  red,  and  there  appears  to  be  a  second 
band  at  705-723.     These  bands  are  unaffected  by  temperature 
and  also  by  salts  in  solution.     Ordinary  alcohol  (in  which  absorjy- 
tion  bands  were  first  recognized)  gives  a  band  at  630.     Methyl, 
propyl  and  amyl  alcohols  also  give  bands,  the  band  being  nearer 
the  red  the  higher  the  alcohol  in  the  series.     The  saline  ethers 
show  a  band  slightly  nearer  the  blue  end.     Ethyl  iodide  gives  a 
second   band  from  716  to  724.     Amyl  nitrate,  acetate  andiodide 
give  bands  like  that  of  amyl  alcohol,  but  a  trifle  nearer  the  blue. 
Aniylcne  gives  a  bund  coincident  with  that  of  the  saline  ethers. 
The  existence  of  the  same  band  in  all  these  amyl  compounds  shown 
its  independence  of  the  acid  radical.     CMilorofbrin  shows  a  faint 
band  from  607  to  616,  and  a  dark  and  sliarj)  one  from  711  to  717. 
Etlivl  oxide  iicives  the  characteristic  ethyl   bands.     Aldehvdc  ami 
acetic  acid  sliow  a  large  absorption  at  the  red  and  a  faint  band,  that 
of  the  latter  body  being  the  more  refrangible.    Benzene,  in  an  8-feet 
column,  sliows  two  bands,  one  from  606  to  616  and  the  other  from 
70:i  to  714,  both  remarkably  sliarp  and  dark.     Methyl-benzc»ne 
(toluene)  shows  the  same  bands  but  the  former  has  become  fainter 
while  the  latter  is  as  dark  as  before.      Xylene  shows  the  same  pro- 
cess continueil  farther.     Mono-  and  di-chlorben/A'iie,  the  latter  dis- 
solved in  etliur,  give  the  same  bands,  but  the  606  band   is  fainter 
til  an  in  benzene.     Napthalene  fused  gave  three  bands,  two  agree- 
ing exactly  with  the   benzene  bands  and   the  third   with  the  gen- 
eral absorption  of  this  body.     Two  feet  of  najjlithalene  j)roduced 
as  much  absorption  as  six  or  eight  times  as  much   benzene;  and 
benzene  in  its  turn  is  more  powerful  as  an  absorber  than  either  tol- 
uene or  xvlene.     Phenol   yjives  two  bands,  one  ajxreeiiiiir  nearly 
with  the  water  band,  the  other  from  670  to  710.     Ammonia  in 
aqueous  solution  shows  five  bands  ;  the  darkest  is  from  640  to  0;)4; 
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'  others  coincide  nearly,  the  one  with  the  water,  the  other  with 

alcohol  band;    another  narrow  and  sharp  from  566  to  570; 

a  fifth  from  698  to  708,  clouded  by  the  general  absorption. 
.Icohol  and  ether  changes  were  visible  due  probably  to  the  less 
ibility  of  ammonia  in  these  menstrua.  Methylamine  shows  a 
ng  out  of  the  more  refrangible  bands  and  a  strengthening  of 

640  band.  Ethylamine,  di-ethylamine  and  triethylamine 
wed  the  effect  of  progressively  replacing  hydrogen  by  the 
>bol  radical.  Aniline,  toluidine  and  dimethylaniline,  and  also 
[>entine  were  examined.  The  only  liquids  which  did  not  show 
ds  were  carbon  disulphide  and  tetrachloride. — J,  Chem,  Soc.y 
:ix,  168,  April,  1881.  G.  P.  b. 

.    On  the  supposed  '*^  Polarization  of  Sounds — Professor  S. 

Robinson  has  recently  described  a  senes  of  experiments  in- 
ded  to  show  the  effect  upon  a  sound  wave  of  repeated  reflec- 
IS  from  a  membranous  medium  placed  at  a  given  angle  to  the 

of  propagation.  An  L-shaped  tube,  one  inch  in  diameter  and 
26  inches  in  length,  was  constructed  of  tin,  the  two  branches 
;ting  at  an  obtuse  angle.  The  convex  portion  of  the  joint  was 
laced  by  a  membrane  gummed  to  the  tune.  This  membrane  was 
)laced  that  the  normal  to  it  made  with  the  axes  of  the  inclined 
ncbes  of  the  tube  angles  each  equal  to  the  polanzing  angle  of 
dence ;  this  angle  was  so  taken,  after  the  methods  of  optics, 
t  its  tangent  was  equal  to  the  ratio  of  velocities  of  propaga- 
1  for  the  gas  within  (qo2l\  gas,  t7:=1420),  and  that  without  (air, 
1 1 25).  A  series  of  tnese  L-tubes  were  connected  together,  and 
irranged  that  the  membranes  were  either  all  parallel,  or,  by  a 
a  of  half  the  system  in  a  central  joint,  the  two  parts  ("  ana- 
jr"  and  "polarizer")  could  be  made  perpendicular  to  each 
er.  The  openings  at  the  two  extremities  were  closed  by  mem- 
nes  at  right  angles  to  the  tubes.     It  was  now  expected  that 

sound  impulse  received  at  one  extremity  would  be  propagated 
ough  the  tube,  and  at  each  of  the  joints  covered  with  mem- 
nes  there  would  be  both  reflection  onward  and  refraction  into 

outside  medium,  and  this  would  be  shown  by  the  effect  at  the 
er  end.  In  the  experiments  the  tube  was  filled  by  coal  gas 
ling  in  tiear  one  end  and  having  an  exit,  by  a  jet,  at  the  other, 
ere  it  was  ignited ;  this  was  adopted  to  insure  a  constant  pres- 
e.  No  clear  effect  was  obsers^ed  when  a  simple  sound  was 
de  before  the  first  membrane,  and  hence  an  impulse,  analo- 
18  to  a  simple  sound  wave,  was  obtained  by  the  blow  of  a  small 
ry  ball  on  the  first  membrane.  This  was  suspended  by  a 
pad  in  front  of  the  membrane,  and  was  so  arranged  that  it 
Id  be  dropped  through  a  given  height  against  it ;  a  second 
I  of  glass,  similarly  suspended,  rested  lightly  against  the  other 
ninal  membrane,  and  the  distance  to  which  it  was  thrown  by 

impulse  propagated  through  the  tube  was  noted  by  a  scale. 
&  first  ball  was  dropped  several  times  at  intervals  of  ten  see- 
ls, and  each  corresponding  deflection  of  the  other  hall  noted  ; 
n  one  half  of  the  system  was  turned  90°  in  the  central  joint,  as 
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above  described,  and  the  effect  again  noted  ;  then  a  further  turn 
of  90*  was  made,  and  so  on.  Several  series  of  experiments  were 
carried  on :  in  one  series  of  eighty  trials  the  mean  aeflection  when 
the  membranes  of  the  two  halves  of  the  tube  were  parallel  was 
tt'47,  and  when  perpendicular  to  each  other  5*43,  a  diminution  of 
intensity  corresponding  to  16*1  percent;  in  another  series  the 
results  were  1*68  and  1*04,  corresponding  to  a  diminution  of  38-1 
per  cent.  When  the  tubes  were  filled  with  air  no  deflection  was 
observed. 

The  author  concludes  that  by  the  repeated  reflections  from  the 
surfaces  of  the  membranes  separating  the  coal  gas   and   air  a 
diminution  in  intensity  is  produced  according  to  the  relative  posi- 
tions of  the  membranes,  analogous  to  the  effects  produced  in  the 
case  of  light  by  repeated  reflections  from-  a  series  of  glass  plates. 
From  this  he  concludes  that  sound  vibrations  undergo  true  polar- 
ization also.     In  regard  to  this  it  may  be  said   that  while  the 
method  of  experiment  is  ingenious  and  the  results  possess  consid- 
erable interest,  the  subject  seems  to  demand  further  experiment 
before  conclusions  can  be  safely  drawn.     The  individual  trials, 
while  not  agreeing  very  closely,  certainly  point  to  a  marked  dif- 
ference between  the  parallel  and  perpendicular  positions  of  the 
two  sets  of  reflecting  surfaces,  but  it  seems  probable  that  this 
may  be  explained  by  some  peculiarity  in  the  mechanical  constnic- 
tion  of  the  apparatus. 

Assuming  the  polarization  of  the  longitudinal  vibrations  of 
sound  to  have  been  absolutely  demonstrated,  the  author  goes  far- 
ther and  draws  conclusions,  which  are  far  too  sweeping  consider- 
ing the  nature  of  the  premises — namely :  tliat  all  vibrations  in 
extended  media,  as  light,  are  only  longitudinal,  and  that  when 
polarization  takes  ]»lace  the  vihnitions  become  transversal. — Journ. 
Fratik.  Lnstitute,  18S1. 

II.  Geology  and  Natural  History. 

1.  The  Zinc-ore  Deposits  of  Wiesloch  in  Badeit  ;  by  Dr. 
Adolf  Schmidt.*  1*22  pp.  8vo,  with  3  plates.  Heidelberg,  1881. 
(Carl  Winter). — The  deposits  of  zinc-ore,  described  by  Dr. 
Schmidt,  are  situated  near  the  village  of  Wiesloch,  Baden,  about 
7A  miles  south  of  lleidelberuc.  The  "  Huntsandstein ''  which  has 
a  considerable  development  at  Heidelberg,  di[)S  gently  to  the 
south,  and  near  Xussloch  it  disappears  from  the  surface  and  the 
overlying  '•  Muschelkalk"'  takes  its  place;  this  forms  the  rock  in 
which  the  zinc  deposits  occur.  The  zinc  is  found  as  the  sulphide, 
sphalerite  or  zinc  blende,  the  carbonate,  smithsonite,  with  hydro- 
zmcite  in  limited  quantities.  The  sphalerite,  which  is  mined  only 
over  a  limited  area,  is  regarded  as  the  oldest  deposit;  it  is,  much 
of  it,  in  the  form  of  shell  blende  ("' Schalenblende,")  consisting  of 
thin  wavv  lavers  of  crvntocrvstalline  blende  of  different  colors, 
and  often  alternating  with  galenite  or  marcasite;  much  of  it  is 

♦  Pio  Zinkorz-higv^rsianoii  voii  Wiesloch.  I^iden.  von  Dr.  A.  Scrmidt. 
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stalactitic  in  form.  Ordinary  sphalerite  with  distinctly  crystal- 
lioe  Btnictare  also  occurs.  The  zinc  carbonate,  which  forms  the 
mass  of  the  ore,  occurs  sometimes  distinctly  crystallizeri ;  also  in 
the  vitreous  form  called  "  zinkglas,"  the  granular  massive  form, 
and  finally  in  paeudomorphons  aepoaite  after  other  minerals  and 
after  various  foesi)  shells.  Of  these  the  granular  mineral, 
"Galmei,"  has  the  greatest  economic  importance. 


Er«  -  Lagerstatle  IV" 

taJbilKldMTt  ViWialodi. 


b  of  Oie  ore.dep08its  at  (he  Eobelsberg  near  Wiesloch,  Bsdeii.  Scale, 
i:  XDUU.  ilgure  I,  gannral  sketch  Figure  2,  vertical  section  taken  along  the 
liM  (A  (flg.  IV     Figure  3,  vertioil  section  taken  alooK  tliu  line  cd  (Hg.  t). 
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Five  independent  deposits  of  ore  have  been  worked  in  this  re- 
gion.    Tliesc  are  irregular  masses  of  ore,  some  five  to  seven  me- 
ters in  thickness,  but  with  a  considerable  horizontal  extent  and 
with  the  greatest  development  in  a  north  and  Bouth  direction. 
The  smallest  deposit  is  about  140  meters  long  and  70  broad;  and 
the  dimensions  of  the  largest  are  600  and  300  meters.     When  ei- 
amined  more  closely,  each  of  these  deposits  is  found  to  consist  not 
of  an  uninterrupted  and  solid  lx)dy  of  ore,  but  rather  of  a  laige 
number  of  small  bodies,  more  or  less  continuous,  enclosing  masses 
of  limestone.     Figure  1  gives  a  ground  sketch  of  one  of  the  ^yt 
ore  deposits  mentioned,  and  shows  the  peculiar  lenticular  forms  of 
the  ore  masses  (here  the  carbonate.)      In   general   they  extend 
in  a  northwesterly  and  southeasterly  direction,  and  are  joined  to- 
gether in  an  irregular  way,  as  exhibited  in  the  plate.     Figures  2 
and  3  represent  two  cross-sections,  the  first  taken  along  the  line 
ab^  in  figure  1,  and  the  second  along  cd ;  these  show  still  more 
clearly  the  form  and  distribution  of  the  zinc  ore  in  the  enclosing 
limestone.     The  single  masses  have  a  maximum  thickness  of  five 
meters,  a  var)  ing  breadth  from  1  to  1 2  meters,  and  length  from 
10  to  100  meters.     The  ore  masses  are  mostly   confined  to  the 
layer  of  limestone   called  the   ore-bearing  bed    ("  Erzfflh render 
Kalk  "),  and  follows  generally  its  upper  border  passing  only  to  a 
limited  extent  into  the  rock  above  ;  in  some  cases  they  pass  sud- 
denly from  this  upper  line  to  the  lower  and  extend  along  this— 
(figure  3).     In  all  cases  the  ore  takes  the  place  of  the  limestone, 
showing  that  the  ore  deposit  was  preceded  by  the  removal  of  the 
limestone. 

These  separate  lenticular  masses  consist  of  the  carbonate*  with 
more  or  less  red  clay,  intennixed  in  some  cases,  the  latter  being 
in  excess.  The  Hrinest  and  richest  ore  is  found  at  the  bottom, 
and  consists  of  thin,  wavy  layers  which  can  often  be  separated 
from  one  another,  although,  as  a  whole,  it  is  massive  and  nearly 
]»uro.  Above  this  nearly  solid  ore  comes  a  middle  j»ortion  made 
up  of  interlacing  lines  or  threads  of  the  pure  ore  with  the  8|»ace 
between,  in  part  or  wholly  filled  by  masses  of  clay  or  loam.  Finally 
the  upper  ])oilion  consists  almost  exclusively  of  clay  with  very 
thin  and  irregular  threads  of  ore,  and  with  numerous  concre- 
tionary masses  from  the  size  of  a  hazelnut  to  the  finest  of  parti- 
cles, intimately  intemiingled  with  the  clay.  In  most  cases  the 
ore  is  easily  separated  from  the  sides  of  the  enclosing  rock, 
thouujh  not  infrequently  the  carbonate  is  firmly  bound  to  the 
limestone  and  passes  gradually  into  it;  in  such  cases  it  is  cx)m- 
nion  to  find  the  fossil  shells  changed  into  the  zinc  carbonate,  and 
here,  evidently,  the  mineral  has  arisen  not  by  direct  deposit  but 
by  a  process  of  alteration  of  the  limestone. 

In  regard  to  the  origin  of  these  <leposits  of  zinc  ore  the  conclu- 
sion is  reached  that  tliey  have  been  made  in  most  cases  by  the 
direct  fillinu:  of  previously  made  cavities  and  cracks  in  the  lime- 
stone, althousrh  in  some  cases  the  de|>osit  of  the  zinc  and  the  re- 
moval  of  the  linu'stone  must  have  gone*  on  together.     The  form- 
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iDg  of  the  larger  of  the  cavities  is  to  he  referred  to  the  horizontal 
moTement  which  resulted  in  the  elevation  of  the  OdenwaUl,  and 
took  place  iu  connection  with  the  fonnation  of  the  Rhine  valley. 
Tbe  oriffinal  ores  were  the  sulphides  (sphalerite,  inarcasite   and 
galenite),   deposited  from    aqueous    solutions    infiltrating  from 
ibove,  as  is  proved  by  the  existence  of  stalactites.     The  zinc  car- 
boDate  which,  as  stated,  forms  the  greater  part  of  the  ore  taken 
oat,  must  have  been  formed  mostly  from  the  oxidation  of  the  zinc 
sulphide.     Tliis  process  of  alteration  was  probably  due  originally 
Co  the  action  of  the  decomposition   products  of  the  marcasite 
which  was  deposited  with  the  sphalerite,  leading  first  to  the  for- 
mation of  the  zinc  sulphate;  and  then  from  this  there  followed, 
with  the  calcium  carbonate,  the  fonnation  of  the  zinc  carbonate 
and  gypsum.     This  change  of  zinc  carbonate  is  a  process  which 
can  be  successfully  imitated  in  the  laboratory.     In  addition  to  the 
carbonate   which  has  been   thus  formed  from   the  alteration  of 
the  zinc  sulphide  there  is  also  to  be  recognized  that  which  has 
resulted  from  the  alteration  of  limestone,  and  by  direct  deposit 
from  solution. 

Dr.  Schmidt's  memoir,  from  which  the  above  facts  and  accom- 
panying plate  have  been  taken,  is  of  great  interest  both  to  the 
theoretical  and  mining  geologist.  It  is  in  some  respects  a  contin- 
uition  of  the  valuable  work  by  the  same  author  on  the  lead 
mines  of  Missouri,  published  in  1874  in  connection  with  the  lie- 
port  on  the  Geological  Survey  of  Missouri,  and  noticed  in  vol.  \, 
1875,  of  this  Journal. 

2.    Geological  3lap  of  the   ITnited  Stately  compiled   by  C.  II. 
UrrcHCOCK;    issued  both  in  sheets  an<l  on  rolleiu     New  York, 
1881.     With  an  explanatory  pamphlet  in  large  8vo  of  30  pages. 
(Published  by  J.   l^ien).  —  This  colored  geological  map  of  the 
United  States  has  a  breadth  of  thirteen  feci  and  a  length  of  eight. 
"  It  is  made  for  a  wall  map,"  and  apparently  chiefly  to  serve  the 
purpose  of  the  lecturer,  the  details  being  few  and  the  style  of 
worlc  coarse  compared  with  what  we  find  on  foreign  geological 
maps  of  like  size.     The  formations  distinguished  embrace  three 
divisions  under  the  Tertiary  ;  the  Laramie,  Cretaceous  and  Jura- 
Trias  under  the  Mesozoic ;  three  under  the  Carboniferous ;  one 
for  the  Devonian;   three   tor  the  Silurian,  the  lower  being  the 
Cambrian  or  Primordial;  and /o«/r  for  the   Metamorphic  rocks, 
namely,  the  Huronian,  the  gneiss  of  the  Atlantic  slope  "  includ- 
ing the  Montalban  and  metamorphic  Paleozoic,"  tlu*  Labrador  or 
Norian,  and  the  Laurentian.     The  conij)ilia*  has  sought  assistance 
from  all  available  sources,  and  has  endeavored  to  give  the  latest 
and  best  results.     Great  diflicnlties  have  com**  as  regards  the 
western  portion  from  the  incompleteness  of  the  geological  surveys 
of  the  regions,  and  some  parts  iniglit  well  have  been  left  uncolored. 

Professor  Hitchcock  has  naturally  introduced  liis  own  views  of 
New  England  geology,  on  part  of  which  the  writer  has  foinid 
occasion,  througli  his  extended  surveys,  to  ditfer  from  him.  The 
wntence,  "if  orography  is  determined  by  stratigrapliy,  then  the 
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gneisses  of  New  England  are  mainly  of  pre-Silurian  age,*'  woald, 
according  to  the  writer's  observations,  be  more  nearly  correct  if  t 
not  were  introdiK^ed  before  the  word  mainly.  It  appears  to  the 
writer,  fufther,  that  if  all  the  pre-Cambrian  (=:pre-PrimorditI 
=Archaean)  areas  had  received  one  color,  and,  at  the  same  time, 
such  metamorphic  rocks  as  are  not  known  by  stratigraphical  evi- 
dence to  belong  to  this  division,  or  to  any  of  those  higher  in  the 
series,  had  been  left  without  color,  the  map  would  have  oeen  more 
satisfactory.  The  Huronian  cannot  be  told  by  lithological  testa, 
and  the  Huronian  iareas,  so  made,  that  have  any  other  basis  than 
a  litholoi^ical  are  very  limited,  and  would  have  been  sufficiently 
distinguished  by  lining. 

But  the  metamorphic  areas  are  onlv  a  very  small  part  of  the 
formations  represented.  The  chart  also  gives  the  outlines,  ooore 
or  less  well  ascertained,  of  the  areas  of  efuptive  rocks  in  the  west; 
tbe  southern  limit  of  Glacier  phenomena  east  of  the  Rocky  Moant- 
ains,  from  Newberry,  and  the  courses  of  what  have  been  called 
terminal  moraines — which,  for  the  most  part,  are  far  from  corres- 
ponding with  the  most  southern  Glacier  limit,  and  therefore  are 
as  far  from  the  southern  line  along  which  true  terminal  moraines 
mi^ht  be  looked  for. 

As  to  artistic  merit,  the  chart  has  little — greatly  disappointing 
expectation.  The  colors  have  been  selected  and  ffroupeu  without 
system  or  judgment,  and  are  put  on  not  by  the  chromo-litho- 
graphic  process,  but  coarsely  by  hand,  and  the  effect  is  both  un- 
pleasing  and  confusing.  Where  the  sheets  (of  which  the  chart 
18  made  up)  join,  an  area  on  one  is  sometimes  cut  short  off  in- 
stead of  having  a  continuation  of  the  color  on  the  other.  Still  the 
chart  will  be  of  much  service  to  geologists  and  in  the  geological 
lecture  room. 

3.  Report  on  the  Geology  of  Southern  New  Brunswick^  1878- 
18Y9 ;  by  Professors  L.  W.  Bailky,  G.  I.  Matthew  and  R.  W. 
Ells.  (Tcological  Survey  of  Canada.  26  pp.  8vo.  Montreal, 
1880.  (Dawson  Brothers). — This  report  contains  the  results  of 
geological  observations  in  the  counties  Charlotte,  Sunbury, 
Queens,  Kings,  St.  John  and  Albert.  It  is  accompanied  by  a  geo- 
logical map  of  Southern  New  Brunswick  in  three  parts  which  out 
of  the  four  are  issued.  The  map  is  printed  handsomely  and 
effectively  in  colors,  and  shows  excellent  progress  by  the  geolo- 
gists of  the  State  in  their  work.  There  is  also  a  large  sheet  of 
geological  sections,  but  with  too  many  doubtful  points  amoDg 
them  to  be  in  all  cases  easily  underatood  or  satisfactorily  inter- 
preted. Careful  observations  of  the  strike  and  dip  at  each  and 
every  outcrop  of  the  rocks,  crystalline  and  uncrystalline,  over  the 
whole  region,  are  needed  for  conclusions  as  to  the  stratigraphy. 

4.  Text  Book  of  Systematic  Mineralogy;  by  Henry  Bauer- 
MAXN,  F.G.S.  367  pp.  12mo.  London,  1881,  (Longmans,  Green 
and  Co.) — This  text-book  is  devoted  to  a  discussion  of  the  gen- 
eral principles  of  crystallography,  and  physical  and  chemical 
mineralogy;  the  descriptive  mineralogy  is  to  follow  in  a  corapan- 
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I  volume.  In  the  crystallography  tlie  author  wisely  chooses 
\  system  of  Miller  for  fall  development,  while  the  notations  of 
ei88,  Naumann  and  L6vy  are  also  explained.  The  statements 
lich  precede  on  the  general  relations  of  the  systems  as  to  sym- 
iry,  and  also  the  descriptions  of  the  various  forms  under  each 
)tem,  are  eiven  with  admirable  fullness  and  clearness,  and  the 
ares  are  also  numerous  and  excellent.  The  author  states  that 
intentionally  omits  the  subject  of  practical  calculation,  but  had 
been  possible  to  abridge  a  little  at  other  points  so  as  to  have 
.de  room  for  a  few  pages  on  this  part  of  the  subject  the  aseful- 
IS  of  the  book  would  have  been  much  increased.  The  difficult 
)ject  of  optical  mineralogy  is  presented  with  unusual  success, 
i  this  also  is  true  of  the  other  topics  under  physical  as  also 
der  chemical  mineralogy.  Thb  volume  cannot  fail  to  be  widely 
ifal  to  mineralogical  students. 

>.  Genictdated  Zircons^  Jrom  Renfrew^  Canada ;  by  W.  E. 
DDEN  (communicated,  March  18). — Undoubted  twins  of  Zircon 
^e  lately  been  observed  by  the  writer  from 
)  new  locality  of  apatite  and  sphene  at 
nfrew,  Canada.  The  twinning  plane  (see 
are)  is  1-»,  the  same  as  in  cassiterite  and 
iile.  The  twin,  from  which  the  accompany- 
\  figure  was  drawn,  weighed  over  36  grams, 
fi  remarkably  perfect  and  had  well  pol- 
ed planes.  The  color  was  deep  brown-lake 
1  it  was  transparent  in  spots.  The  twins 
zircon  heretofore  descnbed*  have  been 
:;roscopic,  and  at  best  questionable. 
\.  Raoenhorst'^s  KryptogamenrFtora  von  Deutschland^  Oeater- 
jjA  und  der  Schweiz;  vol.  I,  parts  1  and  2  ;  by  Dr.  G.  Winter. 
Although  the  present  work  is  ostensibly  a  second  edition  of 
benhorst's  Kryptogamen-Flora,  which  first  appeared  in  1844, 
las  been  enlarged  and  re-arranged  to  such  an  extent  that  it 
m  little  resemblance  to  the  first  edition.  The  new  edition  is 
spared  by  Grunow,  Hauck^  Limpricht,  Richter,  Winter  and 
lers,  and  from  this  list  of  names  it  will  be  seen  that  the  scope 
the  work  is  considerably  greater  than  that  of  the  first  edition, 
lich  was  written  by  Raoenhorst  alone.  The  marine  algse,  for 
(tance,  which  were  before  omitted,  are  to  be  described  by 
lack,  whose  residence  at  Tnest  has  given  him  an  opportunity  to 
plore  the  interesting  coast  of  the  northern  Adriatic.  The  two 
rts  already  published  include  the  JSchizomycetes,  Saccharomy- 
€Sy  Mitomophthorece  and  UstUaginece  by  Winter.  The  whole 
3oant,  including  about  150  pages,  begins  with  an  introduction 
the  morphology  and  physiology  of  Fungi,  with  rather  minute 
-eclions  about  collecting  and  mounting  specimens.  As  in  Ra- 
nhorst's  "  Flora  Europsea  Algarum  Aquai  Dulcis,"  the  descrip- 
»n  of  the  species  of  the  different  orders  is  preceded  by  wood 

^See  Mejer,  2^.  G.,  Ges.,  xxx,  11,352 ;  Stapff,  1.  c.,  xxz,  133,  zxxi,  406;  Hussak, 
tt.  Petr.  Mitth.,  i,  277,  1878. 
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cuts  illuRtrating  the  genera.  Under  the  Schizomycetes  the  cnU 
are  taken  principally  from  Cohn,  Koch  and  Warmings  and  they 
are  very  well  executed.  The  descriptions  given  by  vTinter  are 
also  excellent,  neither  uncorafortably  condensed  nor  too  difibia 
From  the  nature  of  the  subject  the  descriptions  of  the  species 
should  necessarily  be  followed  by  notes  on  tne  development  and 
variations,*  and  the  editor  has  given  much  desirable  information 
on  the  Schizomycetes^  principally  from  the  works  of  Cohn  and 
Warming,  and  in  the  UstUagitiece  the  notes  are  enriched  by  nu- 
merous original  obsei-vations.  w.  o.  p. 

7.  Notes  Alf/ologigues^  detixi^me  fascicule;  by  Ed.  BoBNBrand 
G.  Thuret. — The  second  part  of  the  **  Notes  Algologiques,'^  in- 
cluding 25  quarto  lithographic  plates  and  the  index  to  parts  one 
and  two,  is  quite  equal  to  tne  portion  already  issued  in  the  clear- 
ness of  the  text  and  beauty  of  the  plates,  which  are  only  surpassed 
by  those  of  the  "  Etudes  Phycologiques  '^  of  the  same  anthon. 
llie  second  fasciculus  differs  from  the  first  in  that  comparatively 
more  attention  is  paid  to  the  systematic  study  of  the  species 
described,  whereas  the  first  fasciculus  was  devoted  mainly  to  the 
development  of  the  species.  The  bulk  of  the  present  volume  is 
devoted  to  the  species  of  PhycochrofnacecF,  esj)ecially  to  the  ge- 
nera JVbstoc  and  Scytonema^  which  are  given  with  great  minute- 
ness. The  portion  on  Nbstoc  is  really  a  monograph  of  that 
genus.  Twenty-nine  species  are  recognized  and  a  very  large 
number  of  synonyms  are  included  under  them.  To  illustrate,  K 
commune  Vaucher,  as  it  is  commonly  called,  is  referred  to  the 
older  N.  ciuoflonum  Tournefort,  and  under  that  name  Bornet  and 
Thuret  include  no  less  than  82  synonyms.  Under  Scytonema  21 
species  are  recognizod,  and  aS.  Ravenelii  Wood  has  included  under 
it  as  synonyms  Symphyottiphon  WoUei  Bornet,  published  by 
Wolle  in  the  Torrey  Bulletin,  1877.  The  American  reader  will 
be  interested  in  the  account  of  the  species  of  CuloHirix  an<l 
Isactis,  most  of  the8j)ecies  figured  being  common  on  the  American 
coast.  Under  JIornuictiH  Jial(uu\  reference  is  made  to  the  only 
species  found  in  the  United  States,  which  w^as  at  first  supposed  to 
be  new  and  was  provisionally  named  //.  I^hrlo^oii,  It  was  after- 
wards recognized  by  Dr.  Bornet  as  identical  with  Nostoc  Quoyi 
Ag.,  of  the  Marianne  Islands,  which  according  to  Bornet,  is  a  true 
Ilornmctis.  JL  Quoyi  is  knowMi  only  from  the  locality  named  in 
the  Pacific  and  from  the  coast  of  New  England,  an  unusual  range 
for  one  ol'  the  Phycochrornacem.  w.  o.  F. 

8.  On  the  Zoological  ajfftfiities  of  Jlaly sites ;  by  A.  E.  Vkr- 
RILL. — Of  the  so-called  "tabulate  corals"  many  genera  have 
already  had  their  zoological  positions  determined.  Thus,  Agas- 
siz,  in  1847,  ascertained  the  hydroid  nature  of  Millepora,  and 
his  observations  have  been  fully  confirmed  by  Mosely  and  others. 
That  Pocillipora  and  its  allies,  living  and  extinct,  are  true  raadre- 
j)orarian  corals  was  shown  by  me  in  1867.  That  Favosites  and 
tlie  related  extincrt  genera  are  closely  allied  to  the  modern  Alve- 
opora    and    Poritcs   was    also    demonstrated    by    me   in    1872.* 

*  TUw  Journal,  iii,  187-194. 
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f,  while  on  the  Challenger  Expedition,  was  fortunate  in  ex- 
ig  the  animal  of  Heliopora.     He  proved  that  it  belongs  to 
cyonaria,  and  referred  to  the  same  group  various  fossil  gen- 
some  cases  apparently  without  sufficient  reason, 
affinities  of  the  genus  Halt/sites^  the  common  ^^  chain  coral  '^ 
Silurian,  have  hitherto  been  very  doubtful.     Within  a  few 
!dr.  H.  T.  Woodman  has  shown  me  a  very  remarkable  spe- 
of  this  genus,  in  which  the  internal  structure  is  beautifully 
ved.     In  this  example,  which  is  a  fragment  several  inches 
,  the  large  tubes  contain  twelve  well-developed  and  regular 
extending  to  the  center.     Their  edges  are  slightly  serrulate, 
>  not  rise  above  the  tubes.     In  other  words,  the  structure  is 
'  a  true  madreporai-ian  coral. 

Woodman  informs  me  that  this  specimen  is  a  fragment 
.  large  mass  eight  to  ten  feet  across,  and  that  '^  the  larger 
f  the  mass  was  like  the  common  specimens,  showing  no 
but  here  and  there,  in  spots,  all  over  the  face  of  the  mass, 
)ta  were  as  well  preserved  as  in  the  fragment  shown  to  you." 

III.  Miscellaneous  Scientific  Intelligence. 

Clements  of  Comet  (a),  1881,  Swift, — ^The  elements  and  the 
eris  for  May  of  comet  (a),  1881,  Swift,  have  been  calculated 
.  S.  C.  Chandler,  Jr.,  at  Boston,  and  by  Dr.  R.  Copeland 
r.  J.  G.  Lohse  at  the  Dun  Echt  Observatory  in  Scotland, 
results  have  been  exchanged  across  the  ocean  by  cable, 
ing  to  a  code  adopted  by  the  Boston  Scientific  Society ; 
re  published  in  Special  Circulars  No.  11  and  No.  12  of  the 
e  Observer.  Mr.  Chandler  remarked  that  the  comet  was 
7th)  a  faint  round  disc  less  than  1'  in  diameter,  with  some 
[  condensation  and  ill-defined  edges.  The  orbit  does  not 
>le  that  of  any  known  comet.  The  elements  are  as  follows : 
3  of  Chandler,  2  those  of  Copeland  and  Lohse. 

1. 

Per.  PassaKe,  1881,  May  20*164  Washington  Mean  Time. 
Long.  Perihelion,     289°         2l'-5  ' 


2r-5  ) 
441  [  Eq. 
290) 


Long.  Node,  108  441  }-  Eq.  1881-0 

Inclination,  86 

Log.  q,  9-74330 
Motion  direct 

2. 

Per.  Passage,  1881,  May  20*67,  Greenwich  Mean  Time. 

Long.  Perihelion,     30^  2n 

Long.  Node,  124  64  !  „      looi-n 

Inclination,  78  48  J 

Log.  q  =  9-7674-         q  =  5854. 
Motion  direct. 

Vatiofial  Academy  of  Sciences, — The  following  is  a  list  of 
ipers  read  at  the  session  of  the  National  Academy  of  Sci- 
at  Washington,  in  April : 


510  MisceUaneous  Intelligence, 

A.  GBiuHAM  Bbll  :  Upon  the  production  of  sound  by  radiant  ener^. 

S.  P.  Lakqlst  :  The  solar  constant ;  The  color  of  the  snn ;  On  monntam 
observations. 

G.  S.  Peiboe:  On  the  progress  of  pendulum  work. 

Geo.  F.  Barker:  On  electric  light  photometry;  On  incandeeoent  lights;  On 
the  condenser  method  of  measuring  high  tension  cnrrents ;  On  the  carbon  lamp 
fiber  in  the  thermo  balance. 

Edw.  S.  Morse  :  On  the  utilization  of  the  sun^s  rays  in  heating  and  ventilating. 

J.  W.  MalLst:  Results  just  obtained  with  regard  to  the  molecular  weight 
of  hydro-fluoric  acid, 

G.  H.  F.  Peters  :  A  method  for  finding  the  proximities  of  the  orbits  of  minor 
planets. 

Elias  Looms :  Reduction  to  sea-level  of  barometric  observations  made  at 
elevated  stations. 

W.  H.  Dall:  Recent  researches  in  the  vicinity  of  Behring's  Strait,  comprising: 

I.  An  account  of  the  land-ice  of  Kotzebue  Sound  and  the  Arctic  Goast  II. 
Additions  to  our  knowledge  of  the  currents  and  temperature  of  the  ocean  in  tbe 
vicinity  of  Behring's  Strait. 

E.  W.  HiLGARD :  On  the  later  Tertiary  of  the  Gulf  of  Mexico. 

T.  Sterry  Hunt:  On  the  auriferous  gravels  of  Oalifornia;  On  the  domain  of 
physiology. 

B.  Alvord  :  The  compass  plant  of  the  Western  prairie. 

E.  D.  GoPE :  On  the  relation  between  strains  and  impacts  and  the  structures  of 
the  feet  of  mammalia. 
R.  PuMPELLY :   On  the  relation  of  soils  to  health. 
J.  P.  Lesley  :  Biographical  memoir  of  S.  S.  Haldeman. 

3.  JPopular  Lectures  on  Scientijic  Subjects ;  by  H.  Hslmholtz, 
translated  by  E.  Atkinson.  Second  series.  265  pp.  8vo.  New 
York  (D.  Appleton  and  Co.). — The  subjects  of  these  lectures,  for 
the  general  interest  of  which  the  author's  previous  publications 
are  a  sufficient  guarantee,  are  :  1,  Gustav  Magnus  ;  2,  Origin  and 
significance  of  geometrical  atoms ;  8,  Relation  of  optics  to  paint- 
ing ;  4,  Origin  of  the  planetary  system ;  5,  Thought  in  medicine; 
6,  Academic  freedom  in  German  universities. 

4.  The  Constants  of  Nature^  Part  IV;  Atomic  weight  deter- 
minations ;  a  digest  of  tlve  investigations  published  since  1814; 
by  George  F.  Bkckeii.  149  pp.  8vo.  Washington,  1880, 
(Smithsonian  Miscellaneous  CollectionH).— Mr.  Becker  has  brought 
together  in  small  compass  a  large  amount  of  material,  which  can- 
not fail  to  be  of  mucli  practical  value  to  the  working  chemist. 
The  abstracts  are  necessarily  very  brief,  but  when  more  is  needed 
reference  can  be  readily  made  to  the  original  papers,  the  abstract 
being  at  least  sufficient  to  show  what  may  be  expected  in  them. 

Observationa  of  the  Transit  of  Venus,  Dec.  8-9,  1874,  made  and  reduced  under 
the  direction  of  the  Commission  created  bj  Congress.  Edited  by  Simon  New- 
comb,  U.  S.  Navy,  Secretary  of  the  Commission.  167  pp.,  4to,  with  two  plates. 
Washington.  1881. 

U  The  Total  Solar  Eclipse  of  July  29,  1878.     Observations  at  Pike's  Peak,  Cob- 
rado.     Rejiort  by  Professor  S.  P.  Langley.     pp.  203-2 1 7,  with  a  plate. 

Observations  on  Jupiter,  by  L.  Trouvelot;  pp.  299-321,  from  the  Proceedings 
of  the  American  Academy  of  Arts  and  Sciences,  vol.  xvi. 

Mittheilungen  aus  der  Zoologischen  Station  zu  Neapel,  zugleich  ein  Repertorium 
fur  Mittelmeerkunde,  vol.  ii,  II,  III,  pp.  123-413. 

Working  Drawings:  How  to  make  and  use  them;  by  L.  M.  Ilaupt  65  pp. 
12mo,  with  30  figures.     Philadelphia,  1881.     (J.  M.  Stoddart  A  Co.) 
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Abt.  LXn. — Notice  of  new  Jurassic  Mammals  ;  by  Professor 

0.  C.  Marsh. 

Among  the  fossils  from  the  Atlantosaurus  beds  of  the  Rocky 
Mountains  recently  received  at  the  Yale  College  Museum,  are  the 
remains  of  several  mammals  distinct  from  those  hitherto  de- 
scribed by  the  writer.*  These  include  two  new  genera,  and 
four  species,  which  are  described  below.  This  material  throws 
much  light  on  the  specimens  previously  discovered,  and  also 
shows  some  peculiar  characters  not  before  seen  in  mammals. 

AUodon  laticeps^  gen.  et  sp.  nov. 

The  type  specimen  of  the  present  species  is  a  left  upper  jaw, 
with  molar  and  premolar  teeth  in  good  preservation.      This 
specimen  indicates  that  the  skull  was  a  short  and  broad  ona 
The  anterior  half  of  the  zygoma  is  in  place,  and  shows  that  the 
arch  was  strong,  and  widely  expanded.     There  are  five  premo- 
lars, and  two  molars  in  position,  and  in  front  of  this  series  is  a 
single  alveolus  which  was  occupied  by  a  small  premolar,  or 
perhaps  by  a  weak  canine.     The  premolars  have  each  two 
tangs,  and  tuberculated  crowns,  which  are  nearly  flat  on  the 
inner  side,   and  rounded  externally.      The   two  true   molars 
strongly  resemble  those  of  Microlesies^  and  hence  are  similar  in 
form  to  the  lower  molars  of  Plagiaulax  and  Ctenacodon.      The 
crowns  are  very  low,  and  are  divided  into  an  outer  and  an 
inner  half  by  a  deep  worn  groove.     The  last  molar  has  its  lon- 
gitudinal groove  in  a  line  with  the  inner  margin  of  the  other 
teeth.     The  principal  raeasureraeuts  of  this  specimen  are   as 
follows : 

Space  occupied  by  seven  posterior  teeth S*"*™ 

Extent  of  two  true  molars 2"6 

Distance  from  orbit  to  margin  of  upper  jaw 2* 

Extent  of  maxillary  above  second  premolar 2* 

•  This  Journal,  vol.  xv,  p.  459,  vol.  iviii,  pp.  60,  215  and  396,  and  vol.  xx,  p. 
235. 
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The  affinities  of  this  peculiar  species  are  not  easy  to  deter- 
mine, but  it  should  prooably  be  placed  in  the  Plagiauhddd, 
The  number  of  premolars  shows  that  it  is  distinct  from  the 
known  genera  of  this  group. 

The  only  specimen  known  indicates  an  animal  about  as  lai^e 
as  a  weasel.  It  was  found  in  the  Upper  Jurassic  deposits  of 
Wyoming. 

Ctenacodon  nanuSy  sp.  nov. 

A  second  and  smaller  species  of  this  genus  is  indicated  bj 
two  lower  jaws,  found  separately.  One  of  these,  the  type  speci- 
men, has  the  four  premolars  and  two  molars  in  place,  and  well 
preserved.  The  former  teeth  all  have  two  fangs,  and  smooth, 
sharp  compressed  crowns.  The  last  premolar  only  has  its  sum- 
mit marked  by  faint  notches.  The  molars  have  one  cone  with 
a  broad  base  on  the  outer  side,  and  three  low  inner  cones  of 
nearly  equal  size.  Between  these  is  a  deep  worn  longitudinal 
valley,  as  in  the  molars  of  Allodon^  above  described.  There  is 
no  cingulum,  and  the  two  molars  are  of  the  same  size.  The 
coronoid  process  rises  immediately  behind  the  last  molar. 
The  ridge  starting  at  the  base  of  the  coronoid  and  extending 
forward  on  the  outer  side  is  much  sharper  than  in  the  larger 
species  {Ctenacodon  serratus). 

The  following  measurements  will  indicate  the  size  of  this 
specimen : 


mm 


Extent  of  j)reraolar  and  molar  series 6* 

Extent  of  premolar  series 4* 

Aiitero-posterior  diameter  of  last  premolar 1*5 

Height  of  crown _ 1*25 

Height  of  condyle 2*5 

Width  of  condyle 1*6 

The  specimens  representing  the  present  species  are  from  the 
Atlantosaurus  beds  of  Wyoming. 

Doeodon  striatits^  gen.  et  sp.  nov. 

The  present  genus  is  most  nearly  allied  to  Diplocynodon^  but 
may  be  distinguished  from  it  by  having,  in  the  lower  jaw  behind 
the  canine,  eleven  teeth  instead  of  twelve.  The  canine  has  two 
fangs,  as  in  that  genus,  and  the  molar  teeth  also  correspond 
closely  in  form.  In  the  present  species,  the  lower  jaws 
are  long  and  comparatively  slender.  The  symphysis  is  very 
long,  and  the  mylohyoid  groove  extends  forward  to  its  upper 
border.  The  inner  side  of  the  lower  jaw  is  distinctly  striate. 
The  condyle  is  wider  than  in  Dlplocynodon  victor. 
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Some  of  the  dimensions  of  the  type  specimen  are  as  follows : 


mm 


Distance  from  apex  of  canine  to  end  of  condyle  .  31* 

Extent  of  premolar  and  molar  series 17" 

Depth  of  lower  jaw  below  last  molar 4* 

Depth  of  lower  jaw  below  canine 3* 

Height  of  crown  of  canine 2*5 

The  only  known  remains  of  the  present  species  are  from  the 
pper  Jurassic  deposits  in  Wyoming. 

Dryolestes  gracilis^  sp.  nov. 

The  present  species,  which  is  the  smallest  of  the  genus,  is 
presented  by  several  lower  jaws,  which  are  unusually  long 
id  slender,  and  nearly  straight  In  the  type  specimen,  there 
ere  eleven  teeth  behind  the  canine,  which  was  of  moderate 
se.  The  fangs  of  the  molar  teeth  are  not  placed  one  in 
ont  of  the  other,  but  opposite,  with  one  large  fang  on  the 
itside,  and  a  small  inner  one  beside  it  This  peculiar  feature 
)pears  in  all  the  species  of  Dryolesie.%  but  has  not  been 
)served  in  any  other  mammals,  recent  or  extinct  The 
ylohyoid  groove  in  this  specimen  is  deep,  and  extends 
rward,  nearly  parallel  with  the  lower  border,  to  the  sym- 
lysis.  The  following  measurements  show  the  size  of  the 
5st  preserved  lower  jaw  referred  to  the  present  species  : 

Extent  of  eleven  posterior  teeth l|.mm 

Extent  of  last  five  teeth   6* 

Depth  of  jaw  below  canine 1* 

Depth  of  jaw  below  last  molar 2* 

All  the  known  specimens  of  this  species  are  from  the  Upper 
irassic  deposits  oi  Wyoming  Territory. 

Yale  CoUege,  New  Haven,  May  24th,  1881. 
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tlie  glow  discharge,  394. 
Fogs,  clouds,  dust  and,  237. 
Forbes,  S.  A.,  Food  of  Fishes,  338. 
Ford.  S,  W.,  the  genus  Obolella,  131. 
Fossils,  see  Gkolooy  and  Zoology, 


Galvanic  elements,  chemical  energy  and 

electn>motive  force  of  different,  74. 
Galvanometer    for    powerful   currents, 

Brackelt.  395. 
(Jases,  absorption  of  dark  heat  rays  by, 
236. 
action  of  radiant  heat  on,  323,  324 
magnetic  rotatory   polarization  of, 
139. 

influence  of  on  reflecting  surfacM, 
140. 

in  smoky  quartz,  203,  209. 
under  electrical  discharges,  75. 
Grikie,  A.,  lava-fields  of  Europe,  145. 
( Teissier  thermometers,  449,  451. 
Geographical    Congress,    IntematioDal, 

337. 
Geological  Congress  at  Bologna,  325. 
map  of  United  States,  505. 
map  of  Southern  Columbia,  80. 
map  of  Florida,  305. 
colors,  and  terms,  326. 
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kud,  159. 
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Marshy  611. 
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issic,  of  St.  Gothard  Tuimel, 

great  fault  in,  406. 
shales,  Copn,  328. 
jaws  from  the  Wenlock  and 
BIT  of  England,  244. 
Dpupa,  Whilfidd,  126. 
rassic.  Marsh,  341. 
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ponge-spicules  from,  407. 
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of  geological  time,  149,  150. 
iberia  in  era  of  Mammoth,  148. 
•ctic,  157. 
Marsh,  339. 

MR  of  Queen  Charlotte  Is.,  243. 
^\i2i,Whitfield,  125. 
n  fosjiils  of  New  York,  44. 
Q,  red,  of  Europe,  155. 
rp,   American   Jurassic,    167, 

I,  Marsh,  512. 

ns,   supposed,  on    the  New 

nd  Coast,  77. 

3ria,  Scudder,  182. 

Devonian,  Whiteaves,  494. 

geology  of,  Suiiik,  292. 

in  metamorphic  rocks  in  U. 

I,  78;  Italy,  .327;  Alps,  405. 

iction   of  in   arrangement  of 

f  material,  345. 

era,  date  of,  Wright,  120. 

momena  in  Minnesota,   Win- 

358. 

the  Sierra  Nevada,  149. 

Mexico,  Hilgard,  288. 

Devonian,  Scudder,  111. 
jeds  of  Tuscany,  407. 
changes  of  level  in,  415. 
yx,  Marsh,  341. 
4ds  of  Nortliwestern  Europe, 

ne  of  Westchester  County  and 
York  Island,  Dana,  423. 


Geology — 

McKean  Co.,  Penn.,  Ashbumer,  241. 

Mammals,  Jurassic,  Marsh,  511. 

Metamorphic  rocks,  fossils  in,  78,  327, 
405. 

Millstone  grit,  C?tance,  134. 

MoUusks,    Carboniferous,     Whitfield, 
125. 

Mountain  making,  Me  Gee,  276. 

Myriapoda,    Carboniferous,    Scudder, 
182. 

New  York  Island,  Dana,  426. 

Obolella,  fbrd,  131. 

Paleozoic,  thickness  of  in  Penn.,  242. 

Peace  River  region,  Dawson,  391. 

Permian  vertebrates  of  Texas,  407. 

Proetus  longicaudus,  Wf7/idr/i*,  166. 

Pterodactyls,  American,  Marsh,  342. 

Quaternary  in  Europe.  155. 

River  channels,  re-eroded,  155. 

Sahara,  the  northern,  157. 

St.  Gothard  tunnel,  405. 

Sandstone,  structure  of,  152. 

Shetland  Is.,  glaciation  of,  158. 

Slates,  structure  of.  Sorhy,  163. 

Sponge-spicules,  Carboniferous,  168. 
from  the  chalk,  407. 

Terminology,  326. 

Wappinger  Valley  fossils,  78. 

Westchester    Co.,    limestone,   Danti, 
426. 
Goodale,  G.  L.,  origin  of  starch  grains, 

330. 
botanical  notices.  249. 
Gordon,  E.  H.,  Electricity  and  Magnet- 
ism, 86,  140. 
Gravity  at  the  summit  of    Fujiyama, 

MendenhalL  99. 
Gray,  A.,  Darwin's  Power  of  Move- 
ment in  plants,  245. 
GrinneU,  G.  B.,  notice  of  Odontornithes, 

255. 
Gulf  of  Mexico,  Hilgard,  288. 


Hall,  J.,  Devonian  fossils  of  N.  York,  44. 

Hannay,  J.  B.,  volcanic  action,  147. 

Harrison,  B,  /*.,  rain-fall  in  Walling^ord, 
Conn.,  496. 

Hastings,  C.  S.,  constitution  of  the  sun, 
33. 

Ilaughton,  S.,  Lectures»on  Physical  Ge- 
ography, 150. 

Hawes,   G.    W.,   Albany   granite.   New 
Hampshire,  21. 

liquid    carbon  dioxide    in    smoky 
quartz,  203. 

Hazen,  H.  A.,  projection  of  lines  of  equal 
pressure,  361. 

reduction  of  air  pressure  to  sea- 
level,  453. 
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Heat,  measurement  of,  187. 

sound  from  intermittent  beam  of, 
323,  324,  463. 
Heat-rajB,  absorption  of  by  gases  and 

vapors,  236. 
Helmholtz,  H.,  Popular  Scientific  Lec- 
tures, 510. 
Hennessy,  figure  of  Mard,  162. 
Henry,  Joseph,  memorial  of,  416. 
Bidden^  W.  E..  minerals  of  Alexander 
Co.,  North  Carolina,  169. 
octahedrite,  Burke  Co.,  N.  C,  160. 
xenotime,  Burke  Co.,  N.  C,  244. 
Whitfield  Co.  meteoric  iron,  286. 
geniculated  zircons,  507. 
Hilgard,   R.  W.,   Agricultural   Report, 

407. 
Hilgard,  J.  E,  Gulf  of  Mexico,  288. 

Clarke's  Geodesy,  337. 
Hitchcock,   C.    H.,   G^log^cal   map  of 

United  States,  505. 
Houzeau,  J.  C,  Bibliography  of  Astron- 
omy, 263. 
Hydrocarbons,  structure  of,  87. 

of  American  petroleum,  137. 
Hyoscio,  400. 
Hyoscyamine,  400. 


Ice  at  high  temperatures,  Carnelly,  385. 

of  buried  glacier  in  Alaska,  107. 
Indij^otin,  Bayer's  synthesis  of,  69. 
Inulin,  138. 

Iodine  vapor,  density  of,  232. 
Iron,  Vdluines  of  Holiti  and  liquid,  147. 
Iron-ores,  gencHis  of,  80. 
Isopropylcne-neurine,  70. 


Kansas  City  Review  of  Science  and  In- 
dustry, 86. 

Kerr,  W.  C,  topography  of  North  Caro- 
lina, 216. 

action  of  frost  in  arrangement  of 
earthy  material.  345. 

Konig,  G.  A.,  jarosite,  160. 


Lakes  of  Oregon,  changes  of  water-level 
in,  415. 

Lancaster,  A.,  Bibliography  of  Astron- 
omy, 253. 

LaiKjley,  S.  P.,  the  actinic  balance,  187. 

LeConto,  J.,  Sight,  noticed,  406. 

Losquereux,  L..  Coal  Flora,  329. 

Light,  indices  of  refraction  of  compound 
ethers,  Long,  279. 

Lightning  conductor,  space  protected 
by,  141. 


Loomia^  E.,  contributtons  to  meteoitdogy, 

*  • 

Long^  J.  H.y   indices  of  refraction  of 

compound  ethers,  279. 
Lunge,   G.,   Manufacture  of  Sulphuric 

Acid,  75,   144. 


Magie,  W.  F.,  shadows  obtained  during 

the  glow  discharge,  394. 
Magnetic  declination,  and  sun-spots,  238. 
in  Missouri,  241. 
survey  of  Missouri,  Nipher^  310. 
Magnetism,  effect  of  cold  on,  TVowbrid^ 

316. 
MaUet^  J.  W.^  atomic  weight  of  aluminum, 

321. 
Mars,  figure  of,  162. 
Marshy  0.  (7.,  American  JurassicDioo- 
saurs,  167,  417. 
Coeluria,  339. 
Laopteryx,  341. 
Amerioau  Pterodactyls,  342. 
Jurassic  mammals,  511. 
Odontomithes  of,  noticed,  266. 
Mauna  Loa,  eruptions  of,  79. 
McOte^  W,  G.,  orographic  displacemeDt 

276. 
Mell,  P.  H.,  the  Claiborne  group,  167. 
MendenhaU^  T.  (7.,  gravity  at  the  summit 
of  Fujiyama,  99. 

coefficient  of  expansion  of  a  dif- 
fraction grating,  230. 

Meteorology  of  Tokio,  85. 
Mercuric  fulminate.  235. 
Mercury-pump,  new  form  of,  401. 
Meteoric  iron,  ohromite  in.  Smith,  461. 
Lexington  Co.,  S.  C.,  117. 
Whitfield  Co.,Ga.,  Hidden.'im. 
Meteorology,  contributions  to,  I«w<m, 
1. 

MlNERAI.8 — 

Begeerite,  411. 

Beryl,  159. 

Chroniite  in  meteoric  iron,  461. 

Columbite,  analysis  of,  412. 

Culebrite.  315. 

Cyanite  of  New  York  Island,  428. 

Dolomite  of  N.  York  Island,  analysis 

of,  435. 
Kleonorite,  411. 
Guadalcazarite,  315. 
Hiddenite,  *<5w«U,  128. 
Jarosite,  160. 

Lazulite,  from  Canada,  410. 
Metacinnabarite,  316. 
Monazite,  159. 
Neocyanite,  412. 
Octahedrite,  160. 
OnofVite,  312,  315. 
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Orpiment,  219. 

Oithodaae,  160. 

Picite,  411. 

Pjrroxene  of  New  York  Island,  430. 

Quartz,  169. 

gases  in  smokj,  203,  209. 

Realgar,  219. 

Riolite,  315. 

Ruiile,  159. 

Spodumene,  128, 159. 

Tonnnaline,  160. 

Urano-thorite,  161. 

Xenotime,  244. 

Zinc-ore,  502. 

Zircons,  geniculated,  50*7. 
Missouri,  magnetic  survey  of,  y%pher,3\ 0. 
MUcheO^  ff.j  on  changes  of  level  on  New 

England  coast,  77. 
Morley,  E.  W.,  analyses  of  air,  83. 
Mountain-making,  McGee,  276. 
MQller,  F.  v.,  Eucalyptographia,  249. 


Nebulae,  photographs  of,  401. 

Neurine,  containing  oxyisopropyl,  70. 

Newberry^  J.  <9.,  genesis  of  ores  of  iron, 
80. 

Newtonj  H.  A.^  obituary  of  M.  Ohasles, 
165. 

Nicholson,  H.  A.,  Silurian  Fossils  of  the 
Girvan  District,  243. 

Ifipker^  F.  ^.,  magnetic  survey  of  Mis- 
souri, 310. 

North  Carolina,  minerals  of,  410. 
topography  of,  217. 
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Bigaby,  J.  J.,  338. 

Boricky,  B.,  338. 

Brodie,  Benjamin  0.,  86. 

Chaslea,  Michel,  86,  165. 

Clay,  J.  A.,  338. 

Delerae,  A.,  416. 

Miller,  W.  H.,  379. 

Peirce,  B.,  337. 

Tennant,  J.,  338. 

Watson,  J.  C,  62. 
Ocean  temperatures,  arctic,  1 63. 
Odontomithes.  noticed,  255. 
Oxide,  pemitric,  398. 
Ozone,  presence  of  in  the  atmosphere, 

66. 
researches  on,  233. 


Packard,  A.  S.,  Zooloj^y.  not.,  162. 
Pflgosa  Spnngs,  water  of,  84. 


Paleontology  of  Austria-Hungary,  157. 

Peirce,  B.,  memorial  volume,  337. 

PenfiM,  S.  F.^  analysis  of  jarosite,  160. 

Petroleum  from  the  Caucasus,  67. 

Phosphorograph  of  a  solar  spectrum, 
Draper^  171. 

Photographs  of  nebulas,  401. 

Photophone,  Bdl,  463. 

Platinum,  atomic  weight  of,  398. 
nugget  of,  CoUier^  123. 

Polarization  of  the  coroua,  Wright^  334. 
magnetic  rotatory  of  gases.  139. 

Potassium  iodide  from  seaweed,  136. 

Powell,  J.  W.,    appointed  Director  of 
Survey  of  National  Domain,  416. 

Introduction  to  Indian  languages, 
166. 

Preece,  W.  J7.,  space  protected  by  light- 
ning conductor,  141. 

Pressure,  soldering  by,  336. 

B 

Rabenhorst's  Xryptogamen-Flora,  507. 
Bain-fall  inWallingford,  Conn.,  Harrison^ 

496. 
Refractive  power  and  molecular  stnio- 

ture  of  organic  compounds,  70. 
R^vue  de  GTOlogie,  244. 
Reynolds,  J.  E.^  mineral  from  bricks,  157. 
River-channels  re-eroded,  155. 
Robinson,  J.,  Flora  of  Essex  Co.,  251. 
Rockwood,  C.  G.^  meteorological  notice, 

85. 
recent  American  earthquakes,  198. 
RoUand,  S.^  the  northern  Sahara,  157. 
Rontgen's  Thermodynamics,  86. 
Rowland^  H.  A.,  Geissler  thermometers, 

451. 
Royal  Society,  medals  of,  86. 
RusseU^  r.,  calibration  of  thermometers, 

373. 

8 

Saccharin,  139. 

Sahara,  the  northern,  157. 

Schmidt^  A.j  zinc-ore  of  Wiesloch,  602. 

Scudder,  S.  iT.,  Devonian  insects.  111. 
Carboniferous  myriapods,  182. 

Sea,  see  Ocean, 

Sequoiene,  68. 

Shepard,  C.   U.,  meteoric  iron,  Lexing- 
ton Co.,  S.  C,  117. 

Sherman,  0.  71,  arctic  ocean  tempera- 
tures, 163. 

Siberia,  climate  of  in  era  of  Mammoth, 
148. 

Smith,  E.  A.,  geology  of  Florida,  292. 

Smith,  J.  Z.,  biddenite,  128. 

chromite  in  meteoric  iron,  461. 

SmiiiiBon,  J.,  Life  of,  166. 
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Sodium    hypoeulphite,   coroposition  of, 

397. 
Solar  system,  evolution  of.  402. 
see  also  Sun  and  Spectrum, 
Soldering  by  compression,  336. 
Sorbyj  H.  C,  presidential  address,  152. 
Sound  from  intermittent  radiant  heat, 
323,  324,  402,  463. 
supposed  polarization  of,  601. 
Spectrum  of  compound  of  carbon  with 
hydrogen  aud  nitrogen,  74. 
absorption,  of  colorless  liquids,  500. 
solar,  b  line  in,  323. 
phosphorograph  of,  7>raper,  171. 
Standards  of  length,  American,  240. 
SUvenaorij  J.  </.,  river-channels  filled  and 

re-eroded,  165. 
Sulph-hydrates,  color  reactions  of,  397. 
Sun,  constitution  of,  Ilaaiings,  33. 

parallax  of,  Ibdd,  491. 
Sun  spots  and  magnetic  declinaliun,  238. 
Swift's  comet  (a)  1881,  609. 


Tardij,  red  diluvium  of  Kurope,  165. 
Terminology  in  geology,  326. 
Thallium-papers,  meteorological  use  of, 

66. 
Thermometers,  calibration  of  ./?u««e/^373. 

Oeissler,  449,  461. 
Thermometry,  Waldo,  57,  226,  443. 
Thiesen,  Geissler  thermometers,  449. 
Thomsen'a    therniochomical     invesiiga- 

tions,  87. 
Tidal  friction,  G.  II.  Darwin,  402. 
Time  Signals,  distribution  of,  414. 
Tod^l  D.  P.,  solar  parallax,  491. 
Trowftrklge,  J.,  physical  notice's,  74,  l.'t9, 

236,  :V23.   101. 
effect  of  cold  on  magnetiHm,  310. 
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Vanadium  .sulphides,  137. 
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j^iant  squid  at  Grand  lianks  in  1 875, 
251. 


VerriR,  A.  E.,  regeneration  of  lost  parts 

in  the  squid,  333. 
affinities  of  Haly sites,  508. 
Volcanic  action,  volumes  of  solid  and 

liquid    cast-iron  with    refereuce  to, 

Ilannay^  147. 
Volcanoes,  eruptions  of  Mauna  Loo,  79. 
Volumes  at  the  boiling  point,  1 36. 

w 

Waldo,  jL.,  thermometry,  57,  226,  443. 
Wappinger  Valley  limestone  fossils,  78. 
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Wetherby,  A.  G.,  Freshwater  MoUusks 
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Whitfield,    R.    P.,    Carboniferous    air- 

breathing  mollusks,  125. 
Whitney,  J.  D,,  climatic  changes  of  later 

geological  times,  149. 
Williams,  H.  S.,  Proetus  longicaudus, 
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channel-fillings  in  Devonian  shales, 

318. 
WinchflL,  A.,  James  Craig  Watson,  62. 
WinchfU,  K  H,,  Dall's  observations  on 

arctic  ice,  358. 
Winter,  G.,  Rabenhorst's  Kryptogamen- 

Flora,  507. 
Woods,  strength  of,  251. 
Wright,  A.  W.,  gases  in   sniokv  quartz. 
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polariwUion  of  the  corona,  \\:*.\. 
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Ymii.g,  (■.  A.,  Mine  in  solar  s|>cctrum, 
323. 
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Zeitschrift  fiir  Tnstrnmentenkunde,  '2:i3- 
Zinc-ore  deposits  of  Wieslock,  502. 
Zoology — 

Coelenterates,  development  of,  8  3. 

ilalysites,  affinities  of,  .'>08. 

Squid,  giant  at  Grand  Banks,  2,'>1. 
regeneration  of  lost  partes  in,  3:i3. 

See  further  under  Geoix)GY. 


